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Abstract 
Using subtractive hybridization technique, our lab has discovered several 
salt-responsive gene candidates from the salt tolerant soybean WenFeng 7. Among 
them, GmPAPS, which encodes a putative purple acid phosphatase, was identified. 
This novel GmPAP3, different from most other acid phosphatases, is found to be 
induced by salt stress and oxidative stress but not response to phosphorus deficiency. 
Moreover, analysis of protein sorting signals showed that a putative mitochondrial 
targeting transit peptide is present on GmPAPS. The salt inducibility and putative 
mitochondria location of GmPAPS suggest that its physiological role might be related 
to the adaptation of soybean to salt stress, possibly through its involvement in reactive 
oxygen species (ROS) forming and/or scavenging. 
To characterize and to elucidate the physiological role of GmPAPS, my research 
project was set to fulfill the following objectives, 1) to confirm the subcellular 
location of GmPAP3; 2) to study the physiological role of GmPAPS related to salt 
stress and oxidative stress. 
In this study, we have demonstrated that the gene expression of GmPAPS is 
induced not only by salt stress and oxidative stress, but also by dehydration stress. 
Such elevation of gene expression under salt and dehydration should be brought by an 
increase in intercellular ROS content. In order to accurately interpret the 
physiological role of GmPAP3, the subcellular location of GmPAPS were investigated 
by using transgenic tobacco BY-2 cell lines which expressing the GmPAP3-Tl epitope 
tag fusion. By confocal microscopy, GmPAP3 were found to be localized in the 
mitochondria. 
To study the physiological role of GmPAPS related to salt and dehydration stress, 
GmPAPS was ectopically expressed in tobacco BY-2 cells, which represents a cellular 
iii 
level of study; and Arabidopsis thaliana, which represents an in-planta level of study. 
In this study, it was found that expressing GmPAP3 in tobacco BY-2 cell lines could 
protect the cells' mitochondria intact when under salt and dehydration stress, by 
reducing the induction of stress-induced ROS production. Studies on the effect of 
expressing GmPAPS in Arabidopsis under stress were also initiated and it was found 
that GmPAPS transgenic plants showed a better growth performance than the wild 
type when under salt treatment. Together these results suggest that GmPAP3 is 
involved in cellular defense of salt or dehydration-induced oxidative stress, probably 
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Chapter 1 General introduction 
1.1 Introduction to oxidative stress 
1.1.1 Introduction to Reactive Oxygen Species 
Oxygen is unarguably one of the most important elements on earth. 
Molecular oxygen in the atmosphere and water is required to support all forms of 
aerobic life. While ground state dioxygen is rather "safe" and unreactive, its reactive 
derivatives could be harmflil to all life forms. Yet the evolution of aerobic metabolic 
processes such as respiration and photosynthesis unavoidably led to the production of 
reactive oxygen species (ROS) in mitochondria, chloroplasts, and peroxisomes, f 
i 
making oxygen a best friend, or worst enemy. 
In plants ROS are continuously produced as by-products of various 
metabolic pathways localized in different cellular compartments (Foyer et al, 1994). 
Under physiological steady state conditions, these molecules are scavenged by 
different antioxidative defense components which are often confined to particular 
compartments, as described in the below sections. However, when this equilibrium 
between production and scavenging of ROS is disturbed by other factors, such as 
environmental stresses, intracellular levels of ROS may rapidly rise. Undesirably 
high level of ROS could cause many adverse effects to the plant cell, including 
inhibition of sensitive enzymes, chlorophyll degradation, lipid peroxidation (Yu et al., 
1994), indiscriminate attack of macromolecules including DNA (Kasai et al., 1986), 
and may eventually lead to cell death (Path et al., 2001). When the formation of 






Reactive oxygen species are formed during certain redox reactions and 
during incomplete reduction of oxygen or oxidation of water by the mitochondria or 
chloroplast electron transfer chains. The different species of oxygen radicals and 
their sources were summarized in Table 1. Formation of singlet oxygen (^62) is a 
result of activation of ground state dioxygen by transfer of excitation energy from a 
photoactivated pigment such as an excited chlorophyll molecule to dioxygen. ^Oiis 
a prevalent reactive species; it is highly diffusible and capable of reacting with 
organic molecules and damaging photosynthetic membranes. subsequently 
stimulates production of other ROS such as hydrogen peroxide (H2O2), superoxide 
anion (O2"), and hydroxyl (HO) and perhydroxyl (O2H) radicals. These reactive 
molecules, especially HO , are highly destructive to lipids, nucleic acids, and proteins. j 
Although rapid increase of ROS can pose a threat to cells, it also suggested 
that ROS do have a role in activation of stress-response and defense pathways 
(Desikan et al., 2001; Knight et al., 2001), as well as participate in hormone signaling, 
polar growth, and gravitropism (Mori et al. 2004). Because ROS are toxic but it also 
participates in many important signaling events, plant cells engage several different ！ 






Table 1. Formation and characteristics of major reactive oxygen species. 
Compound Shorthand Source Characteristics 
notation(s) 
Singlet oxygen ^02 Photosystem II e" transfer Highly diffusible and 
reactions (chloroplasts), UV capable of reacting 
irradiation, photoinhibition with organic molecules. 
Superoxide O2 ' Mitochondria e- transfer Capable of both 
reactions, Mehler reaction in oxidation and 
anion chloroplasts (reduction of O2 reduction, it may react 
by iron-sulphur center Fx of to produce several 
Photosystem I), glyoxysomal other reactive species, 
photorespiration, peroxisomes and may undergo 
activity, plasma membrane spontaneous or 
oxidation of paraquat, nitrogen enzymatic dismutation 
fixation, reactions of O3 and to H2O2. 
OH" in apoplastic space. 
Hydrogen H2O2 Photorespiration, p-oxidation. It is not a free radical, 
proton-induced decomposition but participates as 
peroxide of O2.- oxidant or reductant in 
many cellular reactions. 
i 




and it may directly 
inactivate sensitive 
enzyme at a low 
concentration. 
Hydroxyl OH Decomposition of O3 in The most powerful 
presence of protons in oxidizing species in 





(Modified from Buchanan el al., 2000) 
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1.1.2 Major sites of ROS production 
1.1.2.1 Chloroplast 
In photosynthetic tissues, chloroplasts are the major source of reactive 
oxygen species formation. There are several sources of ROS in the chloroplast, 
leading to the production of all of the above mentioned ROS (Asada, 1994; Foyer and 
Harbinson, 1994). PSI may donate electrons to O2 in the Mehler reaction to generate ； 
•2 - when the pool of NADP is mostly reduced. Also, photoexcited Chlorophyll 
I 
molecules can interact directly with O2 to generate the very reactive singlet oxygen 
(Foyer et al., 1994). Photoproduction of superoxide by PSII has also been reported 
(Ananyev et al. 1994). 
1.1.2.2 Mitochondria 
Mitochondria consume oxygen during respiratory electron transport. The 
electron transport chain in plant mitochondria contains complexes I-IV’ as well as five 
enzymes not present in mammalian mitochondria: an alternative oxidase (AOX) and 
four NAD(P)H dehydrogenases (Moller, 1997; Moller, 1998). When oxygen 
interacts with the complex IV and AOX, 2 terminal oxidases in plant mitochondria, 
four electrons are transferred and the product is water (Siedow et al., 1995). | 
i 
However, if oxygen interacts with reduced components of the electron transport chain, 
such as Complex I and Complex III，ROS formation will be resulted (Moller, 2001). 
The situation of oxidative stress in plant mitochondria is less clear (Moller 
2001), since earlier studies on oxidative stress in plants mainly focus on the effect of 
4 
I 
ROS on photosynthetic system, as chloroplast is believed to be the major target of 
ROS. But as discussed in the below section, mitochondria acts as a main target for 




1.2 Regulation of intracellular ROS content in plant cells 
ROS is constantly produced in all cellular compartments as a by-product of 
normal cellular metabolism and that cell survival will depend upon adequate 
protection. Since ROS are produced in different cellular compartments and exist in 
different species with vary properties such as diffiisibility, solubility and propensity to 
react with various biological molecules, plant cells have evolved multiple lines of 
defenses including both scavenging enzymes and non-enzymatic antioxidants. 
1.2.1 Enzymatic defense of ROS 
These involve multiple enzymes that work together to convert the reactive 
ROS to stable substance such as H2O. Since the detoxification process involve the 
production of the less reactive superoxide and hydrogen peroxide, therefore the cells 
have also establish strategies to avoid these 2 intermediates converting to the 
extremely toxic hydroxyl radicals. 
The sophisticated enzymatic ROS scavenging system in plants include 
superoxide dismutase (SOD), ascorbate peroxidase (APX), glutathione peroxidase 
(GPX), and catalase (CAT). SODs act as the first line of defense against ROS, 
dismutating superoxide to H2O2. While APX, GPX and CAT subsequently detoxify 
H2O2 and they also participates in the regeneration of the antioxidant ascorbate and 
glutathione. We will discuss the functions of these enzymes one by one. 
1.2.1.1 Superoxide dismutase (SOD) 
6 
Superoxide dismutases (SOD) are metalloenzymes first discovered by 
McCord and Fridovich (1969) that convert O2 " to H2O2 in all aerobic organisms in the 
following reaction: 
2O2 " + SOD 一 O-’ + H2O2 
Because superoxide is the first product of univalent reduction of oxygen and also the 
first species to form in many biological systems, SOD is considered as the primary 
defense against oxygen radicals (Bannister et al., 1987). The dismutation is 
catalyzed by the metal ion (Cu, manganese, or iron) at the active site. Depends on 
the metal ion in the active site, SODs are classified as different classes, and these 
different SODs present in different subcellular compartments. Table 2 summarizes 
the different types of SODs and their subcellular localization. 
Table 2. Different types of SODs and their subcellular localization 
Types of SOD Subcellular localization References 
Cu/Zn SOD Cytosol, peroxisomes, Kanematsu and Asada, 
plastid, 1990 
MnSOD Mitochondrion Palmae/a/., 1986 
FeSOD Plastid Kwiatowski et al 1985 
1.2.1.2 Ascorbate peroxidase, Glutathione reductase and the Ascorbate-Glutathione 
cycle 
The product of SOD，hydrogen peroxide, requires further detoxification. 
This is achieved by several enzymes and non-enzymatic substrate working together 
and may be differ among the various cellular compartments. In plant, the 
Ascorbate-Glutathione cycle (ASC-GSH cycle), or so called "Halliwell-Asada 
7 
pathway" has been the most established ROS detoxification pathway. 
Figure 1 below shows the detail of the Ascorbate-Glutathione. The first 
step of the cycle is the reduction of H2O2 to water by APX. This requires the 
consumption of Ascorbate present in the chloroplast and it will be oxidized to 
monodehydroxyascorbate (MDHA). 
2 Ascorbate+ H2O2 2MDHA+2H2O 
In the plastids, MDA may give rise to dehydroxyascorbate (DHA). Both MDHA and 
DHA must be reduced to regenerate the Ascorbate pool, which can be achieved by 
several reactions: 
(1) non-enzymatic reduction by ferredoxin: 
MDHA + Fdreci • ascorbate + Fdox 
(2) reduction of MDHA by MDHA reductase (MDHAR) in the stroma, using NADPH: 
MDAR , 2MDHA + NADPH • 2 Ascorbate + NADP 
(3) reduction of DHA to ascorbate by DHA reductase (DHAR) with glutathione (GSH) 
as the reducing substrate 
DHA+2 GSH ^ ^ ^ Ascorbate + GSSG 
The last step of the cycle was regeneration of Glutathione by the Glutathione 
reductase (GR) with NADPH as electron donor. 
GSSG + NADPH • 2GSH + NADP+ 
Some recent studies have demonstrated that ASC-GSH cycle occurs in the 
mitochondria as well as in peroxisomes. Jimenez et al. (1997) have been succeed in 
purify some of the key enzymes in the Ascorbate-Glutathione cycle in pea plants, 
including the APX and MDHAR, which is membrane bound, and the GR and DHAR 
in the matrix fraction. Chew et al (2003) have demonstrated that in Arabidopsis, 
8 
i 
there is a dual-targeting of APX, MDHAR and GR gene products to mitochondria and 
chloroplasts, and the mitochondrial targeting specific DHAR gene products. The 
transcript levels for these genes were induced by oxidative stresses imposed on 
chloroplasts and/or mitochondria. Together these studies do have proven that there 
is existence of ASC-GSH cycle at least in plant mitochondria also. 
9 
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Figure 1. The Ascorbate-Glutathione cycle. 
The ascorbate-glutathione cycle is one of the major antioxidant defense systems in 
plant cells. First, Superoxide radicals are eliminated by superoxide dismutase in a 
reaction that yields hydrogen peroxide, H2O2. Hydrogen peroxide is consumed 
through its conversion to oxygen and water by catalase (CAT) or to water alone 
through the oxidation of ascorbate. Ascorbate is regenerated by way of two 
mechanisms. The enzymatic reduction of monodehydroascorbate takes place in the 
plastids. Alternatively, monodehydroascorbate that is spontaneously dismutated to 
dehydroascorbate can react with glutathione (GSH) to produce ascorbate and oxidized 
glutathione (GSSG) in a reaction catalyzed by dehydroascorbate reductase (DHAR). 
GSSG is reduced by glutathione reductase (GR), requiring the consumption of 
NADPH. 





Catalases (CATs) efficiently scavenge H2O2 and do not require a reducing 
substrate to perform the task: 
2 H2O2 CAT ^ 2H2O + O2 
In plants, catalase is localized in peroxisomes, to scavenge the H2O2 
produced by the glycolate oxidase in the C2 photorespiratory cycle. In chloroplasts, 
no catalase was found yet (Asada, 1994), but a mitochondrial isozyme was identified 
in maize (Scandalios et al., 1980). 
1.2.1.4 Alternative oxidase (AOX) 
Unlike animal mitochondria, those of plants possess a bifurcated 
electron-transport chain. In addition to the cytochrome respiratory pathway found in 
all eukaryotes, plants have a second, alternative pathway that diverges from the main 
respiratory chain at ubiquinone (Vanlerberghe, 1997). This alternative pathway is 
comprised of a single protein the alternative oxidase (AOX) (Elthon and Mcintosh, 
1987)，which is thought to exist in the inner mitochondrial membrane as a homodimer. 
It is proved that AOX could lowers mitochondrial reactive oxygen production in plant 
cells (Maxwell et al. 1999). Though how the AOX could achieve such function is 
still unknown, the most plausible explanation for why AOX may lower ROS levels is 
that a second oxidase downstream of the ubiquinone pool maintains upstream 
electron-transport components in a more oxidized state, thereby lowering ROS 
generation by overreduced electrons carriers (Maxwell et al 1999). 
11 
1.2.2 Non-enzymatic 
1.2.2.1 Ascorbate and Glutathione 
As discussed in the above section, Ascorbate and Glutathione both are 
important antioxidants which participate in the Ascorbate-Glutathione cycle. In 
Plant cells, the most important reducing substrate for H2O2 detoxification is ascorbate 
(Noctor and Foyer, 1998). Ascorbate is a major primary antioxidant, reacting not 
only with H2O2 but also with 02 ", OH , ^02, and lipid hydroperoxides (Yu, 1994; Nijs 
and Kelley, 1991). Ascorbate is also a powerful secondary antioxidant, reducing the 
oxidized form of a-tocopherol, an important antioxidant in nonaqueous phase (Padh, 
I 
1990). GSH, the reduced form of Glutathione, is important as an antioxidant and 
redox buffer (Foyer et al., 1976; Law et al, 1983)，and is responsible for the 
regeneration of not only ascorbate, but also tocopherol and carotenoids (Perl-Treves 
and Perl, 2002). 
1.2.2.2 a-tocopherol ‘ 
a-tocopherol, which is the major isomer of vitamin E, is a phenolic 
antioxidant present in both plants and animals. Being a lipid-soluble molecule, it is 
very important as a chain terminator of free-radical reactions that cause lipid 
peroxidation (Burton et al, 1982). 
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1.3 Salt, dehydration and oxidative stress in plants 
A secondary effect of salt and dehydration stress is the increase of reactive 
oxygen species (ROS), which include singlet oxygen, superoxide anion radicals, 
hydroxyl radicals, and hydrogen peroxide (Smirnoff, 1998; Bartels, 2001; Apel and 
Hirt, 2004). The production of ROS during these stresses results from pathways 
such as photorespiration, from the photosynthetic apparatus and from mitochondrial 
respiration. In the following section, we will focus our discussion on how oxidative 
stress induced when plants were under salt stress and dehydration stress. 
1.3.1 Oxidative stress is induced when plants are under salt stress 
ROS are produced as by-products of normal metabolism in plant cells. 
Under normal conditions, the several lines of oxidative defense system are enough to 
keep the production and removal of ROS in equilibrium. When under stressing 
conditions such as salt stress, many important metabolic processes are being disturbed, 
thus upsetting the equilibrium between the formation and the scavenging of highly 
reactive oxygen species, so that an oxidative stress may result (Hernandez et al., 1993; 
Hernandez et al., 1995; Gossett et al, 1996; Gomez et al, 1999). Though little is 
known about the underlining mechanism of how salinity induce oxidative stress, it 
was suggested that salt stress could affect the NADH-induced production of O2 ' in the 
mitochondria (Hernandez et al., 1993). It was found that under salt-treatment, both 
the NADH- and succinate-dependent generation of O2 " were induced, and the O2 " 
generation in salt-sensitive pea plants rose 2-3 times in mitochondria (Hernandez et 
al., 1993). It is also suggest that an impair ROS scavenging system may occur under 
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salt stress (Hernandez et al., 1993; Gomez et al., 1998; Mittova et al, 2003). In 
mitochondria of NaCl-sensitive pea plants, salinity brought about a significant 
decrease of MnSOD and Cu/ZnSOD I activities (Hernandez et al., 1993). In a 
NaCl-sensitive cultivar of tomato, there is an increase in H2O2 content and lipid 
peroxidation, which accompanied by decreased activity of SOD, Ascorbate and 
MDHAR activity in the mitochondria; and decreased level of reduced ascorbate and 
glutathione in the peroxisomes (Mittova et al, 2003). 
1.3.2 Oxidative stress is induced when plants are under dehydration stress 
During dehydration stress, it is well known that an abscisic acid (ABA) 
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signal causes stomatal closure. The important consequences are that there is a 
drastic decrease in intercellular CO2, yet the photosynthetic capacity remain high, 
resulting in over-reduction of components within the electron transport chain, and 
thus electrons being transferred to oxygen at PSI or via the Mehler reaction. This 
generates reactive oxygen species (ROS), such as superoxide, hydrogen peroxide 
(H2O2) and the hydroxyl radical, if the plant is not efficient in scavenging these 
molecules (Chaves and Oliveira, 2004). The rate of 02, formation increases under 
water dehydration could lead to lipid peroxidation, fatty acid saturation, and 
ultimately membrane damage (Moran et al., 1994). The content of oxidatively 
damaged proteins increase in the thylakoids of droughted leaves, and these damages 
could be partly recovered by increase of ascorbate content (Tambussi et al, 2000). All 
of these evidences suggest that oxidative stress is being induced when plants are 
under dehydration stress. A most dramatic example which demonstrates how 
important of ROS scavenging is to dehydration tolerance is the studies of the 
resurrection plant Myrothamrms flabellifolia (Kranner et al., 2002). This woody 
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shrub from southern Africa can survive severe desiccation of its vegetative organs, 
and able to recover rapidly upon rehydration. Upon desiccation, redox shifts of the 
antioxidants glutathione and ascorbate towards their oxidized form were observed. 
Rewatering of the plant induced formation of ascorbate and glutathione, simultaneous 
reduction of their oxidized forms, and rapid production of other antioxidants such as 
a-tocopherol and of various carotenoids. After 8-month of desiccation, the 
antioxidant system of M flabellifolia totally break down, and even re-hydration is not 
able to resurrect the plant. This study not only demonstrates how important ROS 
scavenging is to dehydration tolerance, but also shred light on molecular engineering 
of drought tolerance plants. 
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1.4 ROS scavenging: the road to achieve multiple-stress tolerance? 
As discussed in the above section, abiotic stresses, such as salt and 
dehydration stresses could induce oxidative stress in plant cells. The enhanced 
production of ROS during abiotic stress is one of the major threats to plant cells, 
causing membrane lipid peroxidation, protein oxidation, enzyme inhibition and DNA 
and RNA damage (Yu et al., 1994; Perl-Treves and Perl, 2002). Plant have 
established several lines of defense to keep ROS in equilibrium, yet when under 
abiotic stress, impair of ROS scavenging system may occur and causing oxidative 
stress (Hernandez et al, 1993; Gomez et al., 1998; Mittova et al., 2003). 
Recently, manipulation of the expression of enzymes involved in 
scavenging ROS by gene transfer technology have provide new insights towards 
molecular engineering of stress tolerance plants. Table 3 below summarizes 
stress-tolerant transgenic plants with overproducing of ROS scavenging enzymes and 
their performances under stress treatments. 
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Abiotic stresses usually affect plants in multi-facets way. The nature of the 
damage at plant cellular level caused by abiotic stresses such as salt and dehydration 
is not entirely clear. However, an important consequence of damage might be the 
production of ROS that cause cellular injury (Allen, 1995; Bartels, 2001; Mittler, 
2002; Bartels and Sunkar, 2005). Therefore, manipulation of ROS scavenging or 




Table 3. Stress-tolerant transgenic plants overproducing ROS scavenging enzymes 
Transgenic Target enzyme Ectopic Tolerance to Reference 
plant location stress 
Tobacco N. Chloroplast Less sensitive to Bowler et al. 
plumbaginifolia Oxidative stress 1991 
MnSOD induce by Methyl 
viologen 
Mitochondria Reduced visible Van Camp et. 
injury towards al., 1994 
ozone treatment 
A. thaliam Chloroplast Increased Van Camp et 
FeSOD tolerance to al., 1996 ： 
oxidative stress 
induce by Methyl 
viologen 
Pea glutathione Cytosol Increased Broadbent et 
reductase Chloroplast tolerance to al, 1995 
Methyl viologen 
treatment and less 
sensitive to ozone 
treatment 
Spinach Chloroplast Increased Hironori, 
chloroplastic tolerance to 1997 
Cu/ZnSOD Methyl viologen 
treatment 
Pea chloroplastic Chloroplast Maintain a higher Sen Gupta et 
Cu/ZnSOD photosynthetic al., 1993 





Pea cytosolic Cytosol Partial resistance Pitcher and 
Cu/ZnSOD to foliar necrosis Zilinskas, 
when under ozone 1996 
treatment 
E.coli GR and Cytosol Increased Aono et. al.’ 
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rice Cu/ZnSOD resistance to 1995 
Methyl viologen 
treatment 
Tobacco Cytosol Enhanced growth Roxas etal. 
Glutathione-S- under chilling or 1997 
transferase(GST) salt stress 
and Glutathione 
peroxidases 
A. thaliana APX Chloroplast Enhanced Badawi et al, 
tolerance to salt 2004 
stress and water 
deficit 
Potato Tomato cytosolic Cytosol and Less chlorosis and Perl et al, 
and chloroplastic chloroplast wilting, and 1993 
Cu/Zn SOD enhanced root 
growth when treat 
with methyl 
viologen 
Alfafa N. Chloroplast Faster growth McKersie et 
phtmbaginifolia and when freezing, al, 1999 
MnSOD mitochondria winter survival 
Poplar E.coli GR Chloroplast Increased Foyer etal, 
anti-oxidant 1995 
capacity when 
treat by methyl 
viologen 
A. thaliana Chloroplast Increased Arisi et al, 
FeSOD tolerance when 1998 
treated by methyl 
viologen 
Maize N. Chloroplast Increased Van 
plumbaginifolia tolerance to Breusegem et 







A. thaliana Chloroplast Increased Van 
FeSOD tolerance under Breusegem et 




A. thaliana A.thaliana Chloroplast Increased Murgia et al, 
thylakoidal APX resistance to 2004 
Paraquat-induced 
photooxidative 
stress and nitric 
oxide-induced 
cell death 
(modified from Van Breusegem et al., 2002) 
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1.5 Purple acid phosphatase and its relationship with oxidative stress in plants 
1.5.1 General introduction on plants purple acid phosphatase (PAP) 
Purple acid phosphatases (PAPs) are one of the largest groups of plant 
phosphatases which occur also in microorganisms and animals (Schenk et al, 2000; 
Vogel et al., 2001). All PAPs contain a binuclear metal site. The pink/purple color 
of their concentrated water solution is the result of a charge-transfer transition 
between "chromophoric" ferric ion and the tyrosine residue (Vincent and Averill, 
1990). The second "non-chromophoric" metal ion, occupying the binuclear site, is 
iron in mammalian PAPs, and zinc or manganese in plant enzymes (Vogel et al., 
2001). In plant there are 2 major groups of PAPs, one is those structurally closer to 
mammalian purple acid phosphatases, monomeric proteins with a molecular mass 
around 35 kDa (small plant PAPs), and another composed of homodimeric proteins 
with a polypeptide of about 55 kDa (large plant PAPs) (Schenk et al., 2000). No 
matter small plant PAPs or large plant PAPs or mammalian PAPs, they all contain the 
5 PAP metal-binding motifs and the 7 invariable residues (Table 4). 
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Table 4. The 5 conserve domains and 7 invariable residues in PAPs 
Source of PAPs PAP conserved domains 
• * * * 4； ^ * 
GmAY151271 GDLG GDLSY GNHE VLMH GHVH 
IbAJ006224 GDLG GDLSY GNHE VLMH GHVH 
L1AJ458941 GDLG GDLSY GNHE VLMH GHVH 
PvAF236109 GDWG GDNFY GNHD VIGH GHDH 
SsP09889 GDWG GDNFY GNHD VAGH GHDH 
The first 2 letters of each protein label represent the abbreviated species name, 
followed by GenBank accession number. Gm: Glycine max; lb: Ipomoea batatas; LI: 
Lupinus luteus; Pv: Phaseolus vulgaris; Ss: Sus scrofa. Asterisks indicate the 7 
invariable residues in the 5 metal-binding domains. (Modified from Schenk et al., 
2000; Olczak et al., 2003) 
In mammals, a role of PAPs is ascribed to iron transport (Buhi et al., 1982), 
bone resorption (Hayman et al., 1996), antigen presentation and some redox reactions 
(Hayman et al., 2000; Vogel et al, 2001). However, the plant PAPs are rather 
unspecific, hydrolyzing a broad spectrum of phosphate esters and their functions is 
unknown, although some of the functions are proposed (Olczak et al, 2003). Some 
of the PAPs transcripts are regulated by phosphate level in the medium and soil 
suggests an important role for these enzymes in phosphate acquisition (Duff et al., 
1994). 
1.5.2 Purple acid phosphatase that found to be involved in ROS scavenging in plant 
In mammalian PAPs, the presence of a Fe(III)-Fe(II) di-iron binuclear 
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center has been shown to endow theses proteins ROS scavenging as well as 
ROS-producing activities through Fenton's type reaction (or so called Haber-weiss 
reaction when iron is not the transition metal involve) (Hayman and Cox, 1994; Kaija 
et al., 2002). i.e.: 
Fe-" + O2 • Fe3+ + O2" 
Fe3+ + O2" • Fe2+ + O2 
Fe-^ + H202 • Fe'^ + OH" + OH 
While mammalian PAPs are found to be taking a role of ROS-generator and 
participate in pathogen defense (Klabunde et al.’ 1995; Kaija et al., 2002), the plant 
PAPs may take a totally opposite role. A ROS scavenging role of a plant PAP from 
kidney bean (KBPAP) was proposed based on the observation that in the presence of 
Ascorbate, the Fe(III) of KBPAP could be reduced to Fe(n)，which has such a low 
redox potential that it immediately reduce oxygen to water to form Fe(III), thereby 
reduce the concentrations of free radicals (Klabunde et al., 1995). Another acid 
phosphatase that found to have peroxidase activity is ATACP5, the enzyme purified to 
homogeneity from Arabidopsis thaliana (del Pozo et al., 1999). ATACP5 is a type 5 
acid phosphatase, which belongs to the class of small purple acid phosphatase that 
more closely related to mammalian PAPs. It is interesting that the expression of 
AtACPS could be induced by not only phosphate starvation, but also H2O2 treatment. 
Yet what role does ATACPS plays in stress physiology is not known, and whether it 
plays a ROS scavenging or generating role remains ambiguous. 
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1.6 Previous studies on GmPAPS 
By using Suppression subtractive hybridization techniques (SSH), Phang 
(2002) in Dr. H.M. Lam's lab have identified several salt-inducible gene candidates 
from soybean. The full length coding regions of selective fragments were obtained 
by 5' and 3'-RACE. One of the candidate gene is GmPAPS (GenBank accession no. 
AY151271), which was found to be strongly induced by NaCl stress in both leaves 
and roots of all the five cultivated and five wild soybean varieties tested. Liao et al. 
(2003) has continued the studies on GmPAPS. DNA sequence analysis and 
Phylogenetic analysis indicate that GmPAPS belongs to the class of Plant PAPs and 
PAP-like proteins and the invariable consensus metal binding residues were all 
conserved in GmPAP3. One of the most interesting characteristics of GmPAP3 is 
that, unlike all the other plant PAPs, analysis of the putative protein sorting signals 
and subcellular localizations suggest the presence of a putative mitochondrion 
targeting transit peptide at the N-terminal of GmPAP3. 
Since sequence analysis of GmPAPS reveals that it belongs to the class of 
plant PAPs, we hypothesize that the GmPAPS, just like many other PAPs, could be 
induced by phosphate starvation. However, unlike the 2 other soybean PAPs being 
tested, no P starvation induced gene expression was observed, while a strong 
induction ofGmPAPS was observed in both leaves and roots under salt treatment. 
Since GmPAP3 is predicted to be mitochondrial located, we further tested if 
GmPAPS gene expression would also be induced by oxidative stress that is tightly 
related to the function of mitochondria under abiotic stresses. The herbicide (PQ) 
was used to mimic the effect of oxidative stress. Among the 3 soybean PAP genes 
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tested, only GmPAPS was induced by PQ treatments. 
This is the discovery of GmPAPS^ a novel purple acid phosphatase like gene 
in soybean, which not response to phosphate starvation but strongly induced under 
salt and oxidative treatments. Yet its physiological role under these stresses and its 
relationship to the adaptation of stress tolerance remains unknown. 
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1.7 Hypothesis and significance of this project 
As discussed in the previous sections, coping with ROS is of utmost 
importance in plants tolerance to abiotic stress, such as salt and dehydration stress. 
Identification, characterization and functional studies on ROS scavenging or 
antioxidant enzymes undoubtedly could give us more information on plant stress 
tolerance physiology. Moreover, overexpressing these ROS scavenging or 
antioxidant enzymes may be one of the most efficient ways to achieve plants that have 
multiple-stress tolerance. 
Previously, Phang (2002) in Dr. H.M. Lam's lab has identified GmPAP3, 
which is a purple acid phosphatase found to be strongly induced under salt stress. 
Liao et al. (2003) has continued the studies of GmPAPS and discovered that it encodes 
a novel purple acid phosphatase. While not responsive to phosphate starvation, the 
expression of GmPAP3 is induced by not only salt stress, but also by oxidative stress. 
By sequence analysis, the gene product of GmPAPS, unlike any other Plant PAPs, is 
predicted to be located in the mitochondria. Therefore, we hypothesize that the 
physiological role of GmPAP3 might be related to salt stress, possibly through its 
involvement in reactive oxygen species forming and/or scavenging. 
The objectives of this research are: 
1) To study the subcellular localization of GmPAP3 
2) To elucidate the physiological role of GmPAPS in response to salt stress and 
oxidative stress 
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Chapter 2 Materials and Methods 
2.1 Materials 
2.1.1 Plants, bacterial strains and vectors 
The Escherichia coli strains DH5a and the plasmid pBluescript KSII(+) were 
used as the host and vector, respectively, for gene cloning unless stated otherwise. For 
vacuum infiltration transformation of A. thaliam ecotype Columbia-0 (Col-0), the 
Agrobacterhm tumefaciens strain GV3101 containing helper Ti-plasmid pMP90 was 
employed as the bacterial host for the target gene. GmPAPS were cloned into the plant 
expression binary vector W104. For co-cultivation transformation of Nicotiana 
tabacum Bright-yellow 2 (tobacco BY-2) cell lines, the Agrobacterium tumefaciens 
strain LB A 4404 containing Ti-plasmid (pAL4404) was employed as the bacterial 
host for the target gene. Both GmPAPS and GmPAP3-T7 fosion were cloned into the 
plant expression vector W104. A list of plant hosts, bacterial strains, plasmid vectors 
used in the research was shown in Table 1. 
Table 5. Plants, bacterial strains and vectors used. 
Bacteria/ Plasmid Description References 
Agrobacterium tumefaciens Yor A. thaliam Koncz and Sdell, 1986. 
GV3101/ pMP90 transformation 
Agrobacterium tumefaciens. For tobacco BY-2 cells Hoekema, etaL, 1983 
LBA4404/ pAL4404 transformation 
Escherichia coli DH5a For regular gene cloning Lab stock 
26 
Plant hosts Description References 
Columbia-0 A. thaliana ecotype for Lab stock 
transformation 
Tobacco BY-2 cell lines Tobacco wild type cells A generous gift from 
lines for transformation Prof. Liwen Jiang 
Plasmid vectors Description References 
pBluescript IIKS (+) Plasmid for subcloning Strategene, La Jolla, CA, 
of target gene U.S.A. 
W104 plant expression Plasmid for plant Brears, etal, 1993. 
vector transformation of target 
genes 
2.1.2 Chemicals and Regents 
Regular chemicals were purchased from Sigma-Aldrich Co. (Saint Louis, MO, 
U.S.A.). Organic solvents were from Merck & Co., Inc. (New Jersey, U.S.A.). 
Bacterial growth media were from Difco (Sparks, MD, U.S.A.) and Murashige & 
Shoog (MS) salt mixture was from Gibco BRL (Grand Island, NY, U.S.A.) and 
Sigma-Aldrich (Saint Louis, MO, U.S.A). Phenolic compound, phytohormones and 
antibiotics used in bacteria and plant cultures were purchased from Aldrich Chem. 
(Saint Louis, MO, U.S.A.), Amresco Inc. (Solon, OH, U.S.A.) and Sigma-Aldrich Co. 
(Saint Louis, MO, U.S.A.). Silwet-77 for plant transformation experiment was from 
Lehle seeds (Round Rock，TX, U.S.A.). Metro-mix-200 soil for plant growth was 
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from Hummert International Horticultural Supplier (Earth City, MO, U.S.A.). 
Chemicals for gel electrophoresis were from Bio-Rad Laboratories (Hercules, CA, 
U.S.A.). Restriction enzymes were from New England Biolabs. Inc. (Beverly, MA, 
U.S.A.) and Promega Biosciences (San Luis Obispo, CA, U.S.A.). Other enzymes for 
molecular biology experiments and reagents for DNA and RNA manipulation and 
detection were from Roche Diagnostic limited (Basel, Switzerland) (Appendix I), 
Clontech (San Jose, CA, USA) and Promega (San Luis Obispo, CA, U.S.A.). 
Positively charged nylon membrane for Northern blot were from Roche Diagnostic 
limited (Basel, Switzerland). Bio-MAX X-ray film was from Eastman Kodak 
(Rochester, NY, U.S.A.). Rhodamine 123 and MitoTracker-orange CMTMros, which 
act as probes for mitochondria, were from Molecular probes (Eugene, OR, USA). 
T7 tag monoclonal antibodies and FITC-conjugated secondary antibody for 
immunolabeling were from Novagen (Madison, WI, USA) and Jackson 
ImmunoResearch Laboratories (West Grove, PA, USA) respectively. Detailed 
information on chemical used was listed in Appendix II. 
2.1.3 Commercial kits 
The following reagent kits were used in this research (Table 6) (For details, 
please see Appendix III). 
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Table 6 Commercial kits used 
Kits Experiments Company 
ABI prism dRhodamine DNA sequencing Applied Biosystems 
terminator cycle sequencing (Foster City, CA, U.S.A.) 
ready reaction kit 
Bio-rad Prep-A-Gene DNA Target genes subcloning Bio-Rad Laboratories 
Purification kit (Hercules, CA, U.S.A.) 
DIG detection system (CSPD, Southern and Northern Roche Diagnostic limited 
ready-to-use and Ami blot analyses (Basel, Switzerland) 
digoxigenin-AP, Fab fragments) 
DIG DNA labeling kit Generation of Roche Diagnostic limited 
DIG-labelled DNA (Basel, Switzerland) 
probes 
High pure PCR product Target genes subcloning Roche Diagnostic limited 
purification kit (Basel, Switzerland) 
Wizard plus minipreps DNA Target genes subcloning Promega Biosciences 
purification kit (San Luis Obispo, CA, 
U.S.A.) 
2.1.4 Primers and Adaptors 
All primers were bought from Integrated DNA Technologies, Inc (Coralville 
I A, U.S.A.), Invitrogen (Carlsbad CA, U.S.A.). A full list of their sequences was 
shown Table 7. 
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Table 7 Primers and adaptors used 
Primer name Sequence (5，to 3，） Use for 
35S promoter TCC AACC ACGTCTTC AAAGC Sequencing 
sequencing primer 
T3 primer AATTAACCCTCACTAAAGGG Sequencing 
T7 primer GTAATACGACTCACTATAGGGC Sequencing 
HMOL 1556 TTA ATA CAC GTG CGC ACC AAC Cloning and 
sequencing of 
GmPAPS 
HMOL 1557 CAT TTT CAT CCT TTT CAA AAC Cloning and 
GCC sequencing of 
GmPAPS 
HMOL 2050 TTA ACC CAT TTG CTG TCC PGR screening 
and sequencing 
ofGmPAP3-T7 
HMOL 2332 GGA GGG TGA AAG CAT GCG Cloning and 
sequencing of 
GmPAP3 
HMOL 2339 CTA GTC TAG ATT AAC CCA TTT Generation of T7 
OCT GTC CAC CAG TCA TGC TAG tag with 孙al site 
CCA TCA TGC TGG CAA CTT CAT C 
30 
2.1.5 Equipments and facilities used 
All equipments and facilities were provided by Department of Biology, CUHK. 
An inventory is shown Appendix IV. 
2.1.6 Buffer, solution，gel and medium 
Unless otherwise stated, buffer, solution and medium were prepared according 
to the formulation listed in Appendix V. 
2.1.7 Software 
Sequence analysis was done by BlastN, BlastX and PSI-Blast programs provided 
in the webcite of National Center for Biotechnology information. 
(http: //www, ncbi.nlm.nih. gov) 
The images collected in confocal microscopy studies were processed with Adobe 
Photoshop CS and analyzed with ImageJ (program developed at the National 
Institutes of Health and available at http://rsb.nih.gov/nih-image/). 
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2.2 Methods 
2.2.1 Molecular Techniques 
2.2.1.1 Bacterial cultures for recombinant DNA and plant transformation 
Bacterial strains {E. coli and A. tumefaciens) were inoculated from glycerol 
stocks (stored at -70°C) into LB broth {E. coli) or YEP broth {A. tumefaciens) and 
shake at 200 rpm (Orbital shaker. Lab. line 4628-1), 37°C, for overnight (E. coli) or at 
250 rpm, 28°C, for two days (A. tumefaciens). 
Antibiotics were added when appropriate to the growth media in final 
concentrations of lOOmg/ L, 50mg/ L，50mg/ L，25mg/ L, lOOmg/ L for ampicillin, 
kanamycin, rifampcin, gentamycin and streptomycin, respectively. 
2.2.1.2 Recombinant DNA techniques 
Restriction of DNA was normally done with 2 units of restriction enzyme per 
microgram of DNA in the presence of Ig/L Bovine serum albumin (BSA) in IX 
restriction buffer (as recommended in the company product notes) and incubated at 
37°C for 3 hours to 16 hours. Ligation of DNA fragments and vectors with 
compatible ends were performed with ImM dATP and 3 units T4 DNA ligase 
(Promega) in IX T4 DNA ligase buffer (as recommended in the company product 
notes) and the reaction mixes were incubated at 16°C overnight. For blunt end 
ligation, the ligation was performed with 0.5mM dATPs and 3 units of T4 DNA 
Ligase (Promega) at 22�C overnight. 
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DNA purification was carried out as described in the company manuals using 
commercial kits, such as Bio-Rad Prep-A-Gene DNA Purification kit and High Pure 
PCR Product Purification Kit. 
2.2.1.3 Preparation and transformation ofDHSa, DE3 and AgrobacterUm competent 
cells 
(i) Preparation of CaCb-competent DH5a competent cells 
DH5a cells was first inoculated into 5 ml LB medium and shook at 200 rpm 
(Orbital shaker. Lab. line 4628-1), 37°C overnight to make a starter culture. Four 
millilitres starter culture was then added to 400 ml LB medium and allowed to grow 
to until optimal density at 600nm (O.D. 600) reached 0.4. The culture was chilled on 
ice for 10 minutes and centrifuged at 1600g for 7 minutes at 4°C. After discarding the 
supernatant, the cell pellet was resuspended in 80ml ice-cold 60mM CaCl2 solution. 
The cell culture was then centrifuged at 1 lOOg for 5 minutes at 4°C. Supernatant was 
discarded again and cell pellet was resuspended with 80ml ice-cold 60mM CaCb 
solution. The suspension was allowed to stand on ice for 30 minutes. It was then 
centrifuged at llOOg for 5 minutes at 4°C. The pellet was finally resuspended with 
8ml ice-cold CaCb solution after discarding the supernatant. Aliquots of 0.1 ml were 
transferred into prechilled, sterile 1.5ml microcentrifUgation tubes and stored at -70°C 
until ready to use (modified from Sambrook, et al, 1989). 
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(ii) Transformation of DH5a competent cells 
The plasmid DNA was transformed into DH5a competent cells via heat 
shock calcium chloride mediated transformation. The plasmid DNA was added to an 
aliquot of 0.1 ml pre-chilled competent cells. The mixture was allowed to sit in ice for 
10 minutes, followed by a heat shock at 42°C was carried out for 2 minutes. Cells 
were immediately rescued by adding 0.5 ml LB broth and incubated at 37°C for 1 
hour with shaking at 200 rpm (Orbital shaker. Lab. line 4628-1). The recovered cells 
were spread on LB agar plate with appropriate antibiotic for selection and incubated 
at 37°C overnight. 
(iii) Preparation of Electro-competent Agrobacterium tumefaciens cells 
GV3101/ pMP90 or LBA4404/ pAL4404 was inoculated into 10ml YEP broth 
supplemented with antibiotics when appropriate and shook at 250 rpm (Orbital 
shaker, Lab. line 4628-1), 28°C, overnight to prepare a starter culture. Eight millilitres 
of dense culture was then inoculated into 400ml YEP medium which supplemented 
with appropriate antibiotics, and was allowed to grow until O.D.600 was around 0.5 
to 1.0. The culture was harvested by chilling on ice for 15 minutes and centrifuged 
at 4000g for 15 minutes at 4°C. After discarding the supernatant, the cell pellet was 
resuspended with 400ml ice cold sterile deionized water. The suspension was 
centrifuged at 4000g for 15 minutes at 4°C again. The pellet was then resuspended 
with 200ml ice cold sterile deionized water after the removal of supernatant. The 
concentrated suspension was spun at 4000g for 15 minutes at 4°C. After discarding 
the supernatant, the cell pellet was resuspended with 4ml 10% glycerol (filter sterile 
with 0.2|am filter). The 4ml glycerol suspension was again centrifuged at 4000g for 15 
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minutes at 4°C. Finally, the cell pellet was resuspended in 0.4ml ice cold 10% sterile 
glycerol after the removal of the supernatant. Forty microliters aliquots were aspirated 
into prechilled, sterile 1.5ml microcentrifugation tubes and stored at -70°C until ready 
to use (Dower, et al, 1992). 
(iv) Transformation of electro-competent Agrobacterium cell 
An aliquot of 40^1 of electro-competent Agrobacterium strain, 
GV3101/pMP90 or LBA4404/ pAL4404, was thawed on ice and mixed with lOng of 
recombinant plasmid in a pre-chilled electroporation cuvette (Bio-Rad, Cat no. 
165-2086). The mixture was further incubated on ice for 30 minutes. After drying the 
cuvette with tissue paper to remove moisture on the surface, the cuvette containing 
sample mixture was inserted into the gene pulser apparatus (BioRad GenePulser, 
Model No. 165-2076). Electroporation was performed at: 25 |iF, 2.5 kV and 600 ohms. 
After discharge, 1ml SOC medium was immediately added to rescue the cells. The 
culture was then transferred to 1.5 ml microcentrifugation tubes and incubated at 28° 
C for 2 hours with shaking at 200 rpm (Orbital shaker, Lab. line 4628-1). The 
recovered culture was then spread on YEP agar plate supplemented with appropriate 
antibiotics (GV3101/pMP90: 50 mg/ L rifampicin, 25 mg/ L gentamycin; LBA4404/ 
pAL4404: lOOmg/ L streptomycin; Agrobacterium containing W104 vector: 50 mg/ L 
kanamycin) and allowed to grow at 28°C for 2-3 days. 
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2.2.1.4 Gel electrophoresis 
(i) DNA gel electrophoresis 
Agarose gel was prepared by heat-dissolving lOmg/ ml agarose powder in IX 
TAE using a microwave. After cooling down to below 70°C, l|il Img/ ml ethidium 
bromide was added before pouring onto a gel caster. DNA samples in IX 
bromophenol blue loading dye were normally loaded onto 1% agarose gels. The gel 
electrophoresis was run in IX TAE buffer at 80 V for 30 minutes to 3 hours. 
(ii) RNA denaturing gel electrophoresis 
One percent denaturing gel was prepared by heat-dissolving Ig agarose gel 
powder in 87 ml DEPC-treated deionized water using a microwave. Ten milliliters 
lOX MOPS buffer and 3 ml formaldehyde (37%, pH>4.0) were added after the 
temperature was cooled to below 70°C. The denaturing gel solution was then mixed 
and poured in a clean gel tray. 10 microgram aliquots of RNA sample was added in a 
final volume of 35^1 solution containing 3.5 jal lOX MOPS, 17.5 |il 37% formamide, 
6.13 fil formaldehyde, 1|J,1 Img/ ml ethidium bromide and 1 \x\ 6X bromophenol blue 
loading dye. The sample mixture was denatured at 55°C for 20 minutes and then put 
immediately onto ice. The denatured RNA samples were loaded onto the denaturing 
agarose gel and gel electrophoresis was run in IX MOPS buffer at 80 V for 2 hours. 
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2.2.1.5 DNA and RNA extractions 
(i) DNA extraction from plant tissue 
The classical CTAB extraction method modified from Doyle and Doyle 
(1987) was used for extraction of genomic DNA. Approximately Ig plant tissue was 
first frozen and ground in liquid nitrogen before homogenized with 5ml 2X CTAB 
extraction buffer. The extract was then incubated at 60°C for 30 minutes before 
centriftiged at 3000g at room temperature for 10 minutes. Aqueous layer was 
transferred to a new tube and extracted with phenol: chloroform: isoamylalcohol 
(PCI) (25:24:1) once and chloroform: isoamylalcohol (CI) (24:1) for twice. Ethanol 
precipitation of nucleic acid was done by adding 2V of Isopropanol and kept at -20�C 
overnight. After centrifligation at 10 OOOg for 15 minutes and discarding the 
supernatant, the pellet was washed with CTAB washing buffer and air-dried. Finally, 
the pellet was resuspended in sterilized deionized water supplemented with 1 fig/ ml 
RNaseA and incubated at 37°C for 1 hour to remove RNA (Doyle and Doyle, 1987). 
(ii) Plasmid DNA extraction from bacterial cells 
Plasmid DNA was isolated using the Wizard plus minipreps DNA purification 
kit (Promega). The procedures were according to the commercial manuals except 
the volume of cell culture used. For high copy number plasmids, such as pBluescript, 
5 ml cell culture was used as starting material per reaction. However, for low copy 
number plasmids, such as W104, 20ml cell culture was used instead. 
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(iii)RNA extraction from plant tissues 
Plant RNA extraction protocol was modified from a standard protocol (Ausubel, 
et al., 1995). Approximately 5g plant tissue for RNA extraction was harvested and 
immediately frozen and ground in liquid nitrogen before homogenized in 25ml 
extraction buffer. The aqueous portion of the sample was then extracted twice with 
PCI followed by two rounds of CI extraction. One-tenth volume of 3M sodium acetate 
(pH 5.2) and 2 volumes of absolute ethanol were added to the resulting aqueous layer 
and the sample was stored at -20°C overnight to precipitate the nucleic acids. After 
centrifUgation at SOOOrpm for 20 minutes (Roter F34-6-38: Centrifuge 5810R, 
Eppendorf), supernatant was discarded and the nucleic acid pellet was resuspended 
with 1 ml 3M sodium acetate, pH 5.6 and the suspension was transferred to a 1.5ml 
microcentrifuge tube. After centrifUgation at 13000 rpm for 30 minutes, mRNA and 
rRNA were precipitated and tRNA and DNA remained in the supernatant. After 
repeating the 3M sodium acetate pH5.6 extraction one more time (using 0.5ml this 
time), the pellet was then resuspended in 0.4ml 0.3M sodium acetate pH5.6 and the 
RNA was precipitated by adding 1ml 100% ethanol and kept at -20�C overnight. After 
centriftigation at 13, 000 rpm (Refrigerated centrifuge 581 OR, Eppendorf 03463) for 
30 minutes and removal of supernatant, the RNA pellet was air-dried before 
resuspended in DEPC-treated deionized water. 
2.2.1.6 Generation of single-stranded DIG-labeled PCR probes 
As both GmPAPS and GmPAP3-T7 were cloned in pBluescript II KS (+) vector, 
T7 promoter and T3 promoter primers were used for synthesizing the PCR probes. 
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Round one PCR was performed by mixing 1 pg of recombinant plasmid with 5|j,l of 
lOX reaction buffer (with Mg2+，Roche), l|il of 25mM MgCb, lul of 2mM dNTPs 
mix, 2.55|al of \[iM T7 primer and 2.55nl of l|aM T3 primer and lU of Tag DNA 
polymerase (Roche). The final volume was made up to 50|il by milli-Q H2O. The 
reaction was subjected to the following PCR profile (Table 8). The concentration of 
PCR product was determined by running 5|il of the product in 1% agarose gel. 
Table 8. PCR profile for DIG-labeled DNA probe synthesis 
Number of cycles Length of time Temperature 
1 cycle 2 minutes 94°C 
55 cycle 20 seconds 94°C 
30 seconds 53°C 
1 minutes 72°C 
1 cycle 10 minutes 72°C 
Round 2 PCR is a biased PCR. That is using one primer, to synthesis an anti-sensed, 
single-stranded PCR probes with the incorporation of DIG-labeled conjugates. 
About lOOng of Round 1 PCR product was mixed with lOjil of lOX reaction buffer 
(with Mg2+，Roche), 2\x\ of25mM MgCb, 2|il of DIG-labeled dNTPs (Roche), 2^1 of 
5[iM T7 primer and 2U of Tag DNA polymerase (Roche). The final volume was 
made up to lOOjal by Milli-Q H2O. The reaction was subjected to PCR profile listed 
in Table 8 again. \[i\ PCR product was used to test the concentration of DIG-labeled 
probes. 
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2.2.1.7 Testing the concentration of DIG-labeled probes 
Ij^l of probe and DNA/RNA DIG-labeled control (Roche) were diluted serially 
for 5, 50 and 500 folds. \\i\ of each dilution was doted on a positive charged nylon 
membrane (Roche) followed by UV crosslinking. The membrane was rinsed in IX 
maleic acid buffer, pH7.5 (O.IM maleic acid, 0.15M NaCl) for 2 minutes, soaked in 
1% blocking solution (1% w/v blocking reagent in IX maleic acid) for 5 minutes 
twice and washed with IX detection buffer, pH9.5 (IM Tris-HCl, O.IM NaCl) for 1 
minute. 
The membrane was transferred to a clean plastic wrap and CSPD (Roche) was 
added to the membrane. The membrane was placed in a film cassette and was 
exposed to a sheet of X-ray film (Biomax, Kodak) for 30 minutes at 37°C. The film 
was developed and the spot intensities of the control and samples were compared in 
order to estimate the concentration of DIG-labeled probes. 
2.2.1.8 Northern blot analysis 
Ten micrograms of each total RNA sample was run on a denaturing gel. After 
recording the ethidium bromide stained image of the RNA samples, the RNA was 
transferred onto a positively charged nylon membrane by capillary action running in 
the lOX SSC for 16 hours. 
After UV-crosslinking (total 250J), the membrane was first rinsed in 
DEPC-treated deionized water and then prehybridized in prehybridization solution at 
4 2 f o r 2-4 hours and hybridized with 25ng/ml DNA probes in hybridization 
solution at 42°C for 16 hours. After washing with cold wash solution for 15 minutes 
twice at room temperature and hot wash solution for 15 minutes twice at 68°C, the 
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membrane was blocked with 1% blocking solution at room temperature for 2-4 hours 
and incubated with 1: 10,000 anti-DIG antibody at room temperature for 30 minutes. 
After washing with IX maleic acid buffer for 15 minutes twice and equilibrating with 
IX detection buffer at room temperature, CSPD substrate was added onto the 
membrane and X-ray film was allowed to expose for 14 hours. 
2.2.1.9 PCR techniques 
For PCR-aided sequencing, 250ng DNA sample was used as the template. In a 
10|il reaction mixture, O.Spmole primer and 4\x\ terminator ready reaction mix were 
included. The PCR cycle profile was as follows: 94°C for 5 minutes before 25 cycles 
of96°C for 10 seconds, 50°C for 5 seconds, 60°C for 4 minutes. For generating DNA 
fragment for subcloning and PCR screening, the PCR reaction mixture contained 0.5 
liM of each primer, IX PCR buffer with 1.5mM MgCl2, 0.2mM dNTPs and 0.5 Unit 
Taq DNA polymerase were reacted in a final volume of 25|il. The PCR cycle profile 
was as follows: 94°C for 5 minutes before 25 cycles of 94°C for 30 seconds, 
appropriate annealing temperature for 30 seconds, 72°C for 1 minutes and the reaction 
was terminated after an addition 10-minute extension step after all cycles were 
completed (the annealing temperature for each primer was listed in Table 9). 
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Table 9. Annealing temperatures of primers used in PCR reactions. 
Primer name Purposes Annealing temperature 
35S promoter Sequencing 50.0°C 
sequencing primer 
T3 primer Sequencing 50.0°C 
T7 primer Sequencing 50.0�C 
HMOL 1556 & 1557 Cloning and PCR screening of 60.0°C 
GmPAPS clones 
HMOL 1556 & 2050 Cloning and PCR screening of 50.0°C 
GmPAPS'TV clones 
HMOL 2050 Sequencing 50.0°C 
HMOL 2332 & 2339 Cloning of GmPAP3-T7 clones 50.0�C 
2.2.1.10 Sequencing 
PCR-aided DNA sequencing was performed by using the ABI prism 
dRhodamine terminator cycle sequencing ready reaction kit (Applied Biosystems) to 
make labeled single strand DNA (as described in 2.2.1.12). The PCR reaction product 
was precipitate by adding 2\x\ 3M sodium acetate (pH5.2) and 50|al 95% ethanol to 
the mixture then was kept on ice for 30 minutes and centrifuged at 14000g for 30 
minutes. The DNA pellet was washed in 70% ethanol after removal of supernatant. 
The washed and air-dried pellet was then resuspended in lOjil Template Suppression 
Reagent. The sample was then applied to the Genetic Analyzer ABI prism 310 or ABI 
prism 3100 for analysis 
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2.2.2 Plant cell culture and transformation 
2.2.2.1 Arabidopsis thaliana 
Surface sterilization of seeds 
Seeds of 力 thaliana were surface sterilized in 100% Clorox for 5 minutes with 
vigorous shaking, before rinsing with autoclaved double distilled water for 3 times to 
remove Clorox. The surface sterilized seeds were either individually placed and 
aligned onto MS agar square plates for growth or spread onto MS agar plate with 
50mg/L kanamycin for screening of transformants. After keeping in dark at 4°C for 2 
days, the seeds were grown in growth chamber at 22°C with 70% relative humidity 
under the light/ dark cycle of 16 hours light and 8 hours dark. 
Transformation of A. thaliana 
At least 16 A. thaliana plants (6-12 inches tall), were used for each 
transformation. A. thaliana grown to flowering stage was ready for vacuum-assisted 
y4groZ)ac/er/w/w-mediated transformation. All sliques of the plant were removed and 
the rosette leaves and soil were covered with parafilm. The plants were inverted and 
immersed into the Agrobacterium suspension. Then Vacuum was drawn at 400 mm 
Hg for 10 minutes after bubbles were seen. The plants were then allowed to recover 
and shed seeds. Seeds of the transformed plants were harvested separately after the 
plants were allowed to dry (by cutting off water supply) for 4-6 weeks. 
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2.2.2.2 Nicotiana tabacim L. cv. Bright Yellow 2 (BY-2) cells 
Transformation of tobacco BY-2 cells 
Agrobacterium-mediated transformation of tobacco BY-2 cells was performed 
according to standard protocol (An, 1985) with some modifications. 
Single colony of GmPAP3AV104 or GmPAP3-T7AV104 transformed A. 
tumefaciens LBA4404 was cultured in 5 ml of LB medium supplemented with 50mg/L 
Kanamycin, lOOmg/L Streptomycin and 50mg/L Rifampicin for 16 hours at 28°C 
with shaking at 250rpm. 200|al of 16-hour Agrobacteria culture was then 
co-cultivated with 4ml of 3-day-old wild type BY-2 cells in Petri-dish for 2 days at 
room temperature in tranquility. Then the co-cultivation mixture was washed with 
20ml of MS medium in order to remove the Agrobacterium. Finally the washed 
BY-2 cells were plated onto MS agar plates supplemented with 50mg/L kanamycin 
and 250mg/L cefotaxime and kept in dark. Individual tiny calluses, which 
regenerated after 2 to 3 weeks, were selectively transferred to new MS agar plates 
with 50mg/L kanamycin and 250mg/L cefotaxime. Eventually, transgenic cell lines 
were continuously sub-cultured twice a month in MS agar plates supplemented with 
50 mg/L Kanamycin. 
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2.2.3 Growth and treatment conditions for plants 
2.2.3.1 Growth and salt treatment condition of soybean samples for gene expression 
studies of GmPAP3 
To study the gene expression pattern of GmPAP3 under NaCl treatment and PEG 
treatment, surface-sterilized soybean seeds were first germinated in filter papers 
containing modified Hoagland's solution that was composed of: 4.5 mM KNO3, 3.6 
mM Ca(N03)2，1.2 mM NH4NO3, 3.0 mM MgSO*, 1.2 mM (NH4)2S04，0.25 mM 
KH2PO4 ,4.5 laM MnS04, 4.5 |iM ZnS04, 1.5 \JM C11SO4, 0.4 |iM _4)6Mo7024’ 
0.09 mM Fe-EDTA, and 1.5 juiM H3BO3. After germination, one-week-old seedlings 
of uniform growth stage were transferred to hydroponics' system containing the same 
culture medium. After opening of the first trifoliate, seedlings were treated with 
modified Hoagland's solution supplemented with 125mM NaCl and 5% PEG, 
respectively. This set of samples was prepared by Ms F.L. Wong. To study the 
gene expression pattern of GmPAP3 under Paraquat treatment, surface sterilized seeds 
were germinated in silicon sand containing half Hoagland's solution. After 
germination, 10-day-old seedlings of uniform growth stage were transferred to a 
hydroponic system containing the same culture medium. After equilibrate for 24 d, 
lOmM paraquat (PQ) solution was sprayed on both surfaces of trifoliate leaves. The 
PQ-treated leaves were collected 4 hr after treatment. This set of samples was 
prepared by Ms T.H. Phang and Dr. H. Liao in SCAU. 
45 
2.2.3.2 Root assay of GmPAPS transgenic Arabidopsis thaliana 
20 Sterilized seeds of GmPAP3 transgenic and wild type transgenic Arabidopsis 
thaliana seeds were sowed on MS plates and MS plates supplemented with lOOmM 
NaCl respectively. The plants were incubate in 4°C under dark for 2 days for 
inhibition, then the plants were moved to an environmentally controlled growth 
chamber. Root length of 8-days old seedlings was measured. 
I 
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2.2.4 Immunolabeling, mitochondria integrity, ROS detection and confocal 
microscopy 
2.2.4.1 Immunolabeling of GmPAP3-T7 transgenic cell lines 
BY-2 cell fixation and confocal immunofluorescence were carried out according 
to Jiang and Rogers (1998) with modifications. 3 days old transgenic BY-2 cell lines 
were pre-stained with 200nm MitoTracker-orange CMTMros for 30 minutes before 
fixed in fixation solution (50mM Na-phosphate buffer pH7.0, 5mM EGTA, 0.02% 
Sodium azide, 4.5% paraformalydehyde) for at least 24 hours at 4°C. Then the fixed 
cells were allowed to precipitate and the fixation solution was removed. After 
washed with Na-phosphate-EGTA buffer，cells walls of the treated cells were partially 
digested with 1% cellulysin cellulase in Na-phosphate buffer for 20 minutes, followed 
by wash with Na-phosphate-EGTA buffer. Permeabilization of the cells was done by 
treatment with 0.2% Triton X-100 for 2.5 minutes. Prior to incubation with primary 
antibodies, fixed cells were incubated with blocking buffer 1 (IX PBS, 1% BSA) for 
30 minutes. Then the cells were incubated with 10|Lig/ml T7 tag monoclonal 
antibody (mouse) which diluted in Blocking buffer 2 (IX PBS, 0.25% BSA, 0.25% 
Gelatin, 0.05% NP-40, 0.02% Sodium azide) at 4�C overnight. These stained cells 
were washed with blocking buffer 2, followed by incubation with anti-mouse 
FITC-conjugated secondary antibody at 1:100 dilutions for one hour at room 
temperature. Finally the labeled cells were washed twice with blocking buffer 2 and 
mounted on slides and used for confocal microscope studies. 
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2.2.4.2 Mitochondria integrity 
3 days old GmPAPS transgenic BY-2 cell lines were used for assay of 
mitochondria integrity. The suspension cells were treated with 200inM NaCl for 1 
hour or 2% PEG for 30 minutes in prior to staining with lOmg/ml Rhodamine 123 
(Rhl23) for 1 hour. The signal of Rhl23 was observed under a confocal laser 
scanning microscope. 15-25 cells were counted for each sample to perform 
statistical analysis. The experiment was repeated twice. Because of its selective 
accumulation in mitochondria based on the membrane potential, this dye is commonly 
used for evaluation of variations in activity of mitochondria (Wu, 1987; Petit, 1992). 
2.2.4.3 Detection of Reactive oxygen species (ROS) 
3 days old GmPAPS transgenic BY-2 cell lines were used for such experiments. 
The suspension cells were pre-stained with Dichlorodihydrofluorescein diacetate 
(H2DCFDA) for 30 minutes in prior to treatment with 200mM NaCl for 1 hour or 2% 
PEG for 30 minutes. The same level of laser excitation, iris and gain (6.8% 488nm 
argon laser, 8.6 gain, 1.6 iris) were used for each cell counted. The fluorescence 
intensity of H2DCFDA were estimated by using the program ImageJ as described in 
the below section. 10-25 cells were analyzed for each sample to perform statistical 
analysis. The experiments were repeated twice. The chemical probe H2DCFDA 
has been used extensively as a non-invasive, in vivo measure of intracellular ROS 
(LeBel et al, 1992). 
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2.2.4.4 Confocal microscopy 
The signal of Rhl23 were excited by 543nm Green HeNe laser and HQ590/70 
filter set were used The signal of H2DCFDA were excited by 488nm Argon laser, 
HQ 515/30 filter set were used. The signal of MitoTracker-orange CMTMRos was 
excited by 543nm Green HeNe laser and HQ 590/70 filter set was used. The signal 
of FITC was excited by 488nm Argon laser and HQ 515/30 filer set was used. All 
confocal images were collected by Bio-Rad Radiance 2100 system controlled by 
LaserSharp2000 software (Bio-Rad) with the following parameters: 60X objective oil 
lens (Nikon, Tokyo), 2X zoom for mitochondria integrity and Reactive oxygen 
species assay, 3X zoom for subcellular localization studies, optimal iris and 512 X 
512 box size pixel. For double labeling experiments, care was taken to ensure that 
the laser power and other settings (iris and gain) were set to a condition where no 
crossover signals between FITC and MitoTracker-orange emissions were detected. 
The FITC and H2DCFDA images were pseudocolored in green and the MitoTracker 
Orange and Rhl23 images were pseudocolored in red, 
2.2.4.5 Images processing and analysis 
For quantification of colocalization of FITC and MitoTracker-orange signals, 
superimposition of green (FITC) and red (MitoTracker-orange) images result in 
yellow where the green and red signal overlap. The pixel area of the image occupied 
by yellow in the superimposed image，divide by the pixel area of the image occupied 
by green signal only is therefore a fraction describing how much of the green signal 
colocalizes with the red signal. To do so, the FITC (green) and MitoTracker-orange 
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(red) images first were converted to Grayscale, 8-bits TIFF files. Then by using the 
program ImageJ, the pixel area occupied by yellow and the pixel area occupied by 
green signal can be calculated. Images from at least 10 different cells from 
double-labeling experiment were analyzed to calculate the colocalization of FITC and 
MitoTracker-orange signal. 
Quantification of H2DCFDA signals in BY-2 cells were performed as describe in 
Sukumvanich et al. with slight modifications. The images collected were converted 
to Grayscale, 8-bits TIFF files. By using the program ImageJ, the fluorescence 
intensity of the cell could be estimate. Quantitative analysis was done by tracing the 
entire cell (by using the selection tools) and the total fluorescence intensity was 
measured. The fluorescence intensity measurement, measured in pixels, was then 
divided by the area of the cell, to obtain average pixel fluorescence intensity. In 
addition, background fluorescence intensity was measured in the same field and was 
subtracted. 
2.2.5 Statistical analysis 
Data were analyzed by appropriate ANOVA tests, in which case significant 
differences between individual treatments or lines were determined by Turkey's test. 
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Chapter 3 Results 
3.1 Expression of GmPAPS was induced by NaCl stress, oxidative stress, 
and dehydration stress 
Previous studies in our lab have shown that the expression ofGmPAPS 
is induced by salt stress as well as oxidative stress (Liao et. al 2003). Such 
salt-and oxidative stress-inducibility, together with its putative mitochondria 
localization, suggest that the physiological role of GmPAPS could be related 
to the adaptation to salt stress, possibly through its involvement in reactive 
oxygen species forming or scavenging, or stress-responding signal 
transduction pathways. Since dehydration is well-known to be associated 
with salt stress, and there were reports that production of ROS is induced 
under dehydration (Inaki et. al. 1998), this raises the question that whether 
GmPAPS will be induced by dehydration stress. Therefore the expression 
of GmPAPS under NaCl stress, oxidative stress and dehydration stress were 
investigated in parallel using Northern blot analysis. In this case, 
polyethylene glycol (PEG) were used for treatment in order to mimic the 
dehydration stress; whereas paraquat (PQ), a herbicide which was shown to 
induce the production of ROS in treated plants (Tsang et. al., 1991; Jiang 
and Zhang, 2002), is used to mimic oxidative stress. As shown in Figure 2’ 
the expression oiGmPAPS is induced not only under NaCl and PQ treatment, 




CT NaCI CT PEG CT PQ 
I ^ ^ S B 3 H 
Figure 2. Northern blot analysis of GmPAPS under salt stress, dehydration and 
oxidative stress. 
The growth and treatment condition were done as described in Material and Methods 
section. CT: Control, NaCl: 125mM NaCl treatment, PEG: 5% PEG treatment, PQ: 
1 OmM Paraquat; UN: the soybean cultivar Union. 10 jj^ g of total RNA was loaded 
onto each lane. 
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3.2 Establishment of GmPAP3-T7 fusion transgenic cell lines 
To accurately interpret the physiological role of GmPAPS, it is 
important to confirm the putative mitochondrial location (predicted by 
computer software (Liao et al 2003) of its protein. Therefore, transgenic 
BY-2 cell lines expressing GmPAP3 which fuse with a T7 epitope tag were 
constructed so that the subcellular localization of GmPAPS could be 
investigate by means of immnuohistochemistry. 
3.2.1 Subcloning ofGmPAP3-T7 into the binary vector system W104 
The full-length cDNA of GmPAPS was cloned into the plasmid 
pBluescript II KS (+) by Miss CHEUNG Ming Yan in Dr. H.M. Lam's lab. 
The T7 epitope tag was added to the 3, end of GmPAPS by PCR and 
subsequent cloning procedure as shown in Figure 3a. 
To perform Agrobacterium-mQdi\diXQ& transformation, the GtnPAP3-T7 
cDNA was first subcloned into the binary vector W104 (Brears, et al, 1993). 
The cloning sites and important features of W104 were shown in Figure 3b. 
The orientation and the correctness of the sequence were confirmed by DNA 
sequencing in prior to transformation of the constructs into BY-2 cells. 
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Figure 3a. Making the constructs of pKS-GmPAP3-T7. 
Using PGR strategies, a DNA fragment enclosing the 3’ region of GmPAPS (position 
1056-1536 of AY151271; with the stop codon deleted) was fused to the T7 tag (see 
Materials and Methods). An additional Xbal site was also added to the 3，end of this 
construct. This fragment was used to replace the 3，end of an intact GmPAPS clone 
in pKS vector, using the unique SphI site in GmPAP3 and the external Xbal site that is 
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Figure 3b. Construction ofV^\04-GmPAP3-T7. 
Both the pKS-GmPAP3-T7 and the binary vector W104 were digested with Hmdlll 
and Xbal. The fragments were purified and ligated to form the construct 
Vn04-GmPAP3-T7. 
55 
3.2.2 Transformation of W104-GmPAP3'T7 into tobacco BY-2 cells 
To perform Agrobacterium'mQdiaXQd transformation, the recombinant 
plasmid VJ\04-GmPAP3-T7 generated was transformed into the wild type tobacco 
BY2 by the co-cultivation method (see the Materials and Methods Section). 
Successful transformation events were screened by PCR using oligonucleotides 
HMOL 1556 and HMOL 2050 (Figure 4a). After obtaining the transformants, PCR 
screen were performed to confirm insertion of GmPAP3-T7 into the genome of BY-2 
cells; and Northern blot analysis were performed to confirm expression of the 
transgene in these transgenic cell lines. Of the individual transformants obtained, 5 
of them were chosen for PCR screen and Northern blot analysis. The results were 
shown in Figure 4b. 
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Figure 4a. PCR screen of GmPAP3-T7 fragment from genomic DNA of transgenic 
cells lines. 
PCR condition was as described in the Materials and Methods section. Lane 1: 
GmPAP3-T7 transgenic line 1535-1, Lane 2: GmPAP3-T7 transgenic line 1535-2, 
Lane 3: GmPAP3-T7 transgenic line 1535-3, Lane 4: GmPAP3-T7 transgenic line 
1535-4, Lane 5: GmPAP3-T7 transgenic line 1535-5, WT: genomic DNA of wild type 
cells. Of the 5 lines screened, 4 of them shown positive result. 
Figure 4b. Northern blot analysis of GmPAP3-T7 transgenic cells lines 
Lane 1: GmPAP3-T7 transgenic line 1535-1, Lane 2: GmPAP3-T7 transgenic line 
1535-2, Lane 3: GmPAP3-T7 transgenic line 1535-3, Lane 4: GmPAP3-T7 transgenic 
line 1535-4, Lane 5: GmPAP3-T7 transgenic line 1535-5 Lane5: wild type. All 4 
transgenic lines show expression of GmPAP3-T7. 
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3.3 Establishment of GmPAPS trangenic cell lines 
In order to investigate the physiological role of GmPAPS under salt stress 
and dehydration stress, tobacco BY-2 cell lines harboring GmPAP3 transgene were 
established. 
3.3.1 Subcloning of GmPAPS into the binary vector system W104 
The full-length cDNA of GmPAPS was cloned into the plasmid pBluescript 
I 
II KS (+) by Ms. CHEUNG Ming Yan in Dr. H.M. Lam's lab. To perform I 
Agrobacterium-mQ^xdXQdi transformation, the GmPAPS cDNA was subcloned into the 
binary vector W104 (Brears, et al., 1993). The map of the construct was shown in 
Figure 5. The orientation and the correctness of the sequence were confirmed by 
DNA sequencing in prior to transformation of the constructs into BY-2 cells. 
3.3.2 Transformation of W104-GmPAP3 into tobacco BY-2 cells 
To perform Agrobacterium-mediaied transformation, the recombinant 
i 
plasmid V^\04-GmPAP3 generated was transformed into the wild type tobacco BY2 
by co-cultivation method (see the Materials and Methods Section). Successful 
transformation events were screened by PCR using oligonucleotides HMOL 1556 and 
HMOL 1557 (Figure 6a). After obtaining the transformants, PCR screen were 
performed to confirm insertion of GmPAPS into the genome of BY-2 cells; and 
Northern blot analysis were performed to confirm expression of the transgene in these 
transgenic cell lines. Of the individual transformants obtained, 6 of them were 
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Figure 5. Making the construct of W104-G/wP^P5. 
Both the pKS-GmPAP3 and the binary vector W104 were digested with Hindlll and 
Xbal, and then the fragment were purified and ligated. By subsequent cloning 
process the construct W104-G/w/MPi was made. 
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Figure.6a. PCR screen of GmPAPS transgenic BY-2 genomic DNA 
PCR condition was as described in the Materials and Methods section. Lane 1: 
GmPAPS transgenic line 1482-19, Lane 2: GmPAPS transgenic line 1482-20, Lane 3: 
GmPAPS transgenic line 1482-27, Lane 4: GmPAPS transgenic line 1482-28, Lane 5: 
GmPAPS transgenic line 1482- 29, Lane 6: GmPAPS transgenic line 1482-30, Lane 7: 
positive control, which is the recombinant plasmid W104-GwE4P5. Of the 6 lines 
screened, all 6 of them shown positive result. 
19 20 27 28 29 30 W.T 
Figure 6b. Northern blot analysis of GmPAPS transgenic cells lines. 
Lane 1: GmPAPS transgenic line 1482-19, Lane 2: GmPAPS transgenic line 1482-20, 
Lane 3: GmPAPS transgenic line 1482-27, Lane 4: GmPAPS transgenic line 1482-28, 
Lane 5: GmPAPS transgenic line 1482- 29, Lane 6: GmPAP transgenic line 1482-30, 
Lane 7: wild type. All 6 transgenic lines show expression of GmPAPS. 
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3.4 Establishment of GmPAPS transgenic Arabidopsis thaliana 
GmPAPS transgenic Arabidopsis lines were established, which act as an in 
planta system for investigation of the physiological role of GmPAPS under salt 
stress. 
3.4.1 Transformation of W104-GmiMP3 into Arabidopsis thaliana 
To perform ^gro^ac/er/wm-mediated transformation, the recombinant 
plasmid W104-GwP.4P5 generated was transformed into the wild type 
Arabidopsis thaliana (ecotype Columbia-0). Plants were grown in an 
environmentally controlled growth chamber under a regular day-light cycle (see 
the Materials and Methods Section). A total of 16 flower bud-bearing plants of 
6-12 inches in height were chosen for vacuum infiltration (see the Materials and 
Methods Section). Treated plants were rescued and allowed to grow and shed 
seeds. Ti seeds were screened on MS agar plate containing 50mg/ L kanamycin. 
After germination and development of cotyledons, successful transformants 
continued to develop into green seedlings with true leaves while untransformed 
individuals ceased to grow and turned yellow (Figure 7). The transformants 
were individually cultivated in growth chamber under the conditions described in 
the Materials and Methods Section. Their seeds were harvested and more than 100 
T2 seeds of each transformants were screened on MS agar plate containing 50 mg/ 
L kanamycin. The number of green transformants versus yellow seedlings was 
recorded and chi-square test was performed. Those lines with a 3:1 were 
supposed to be with a single insertion locus. The lines verified by chi-square test 
were summarized in table 10a. Total 8 lines with single insertion of transgene 
were obtained. Kanamycin resistant progenies of these T2 single-insertion lines 
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were selfed and allowed to shed seeds. About 100 T3 seeds of each line were then 
screened on MS agar plates containing 50mg/ L kanamycin. Homozygous lines 
were identified in case all T3 progenies were kanamycin resistant. Total 6 
independent homozygous lines were obtained as summarized in Table 10b. PCR 
screen were performed to confirm insertion of GmPAPS into the genome of those 
T3 homozygous lines; and Northern blot analysis were performed to confirm 
expression of the transgene in these transgenic cell lines. Of the individual 
homozygous lines obtained, 5 of them were chosen for PCR screen and Northern 
blot analysis. The results were shown in Figures 8a and 8b. 
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Figure 7. Screening of GmPAPS transgenic Arabidopsis thaliana Ti seeds. 
Ti seeds were screened on MS agar plate containing 50mg/ L kanamycin. After 
germination and development of cotyledons, successful transformants continued 
to develop into green seedlings with true leaves while untransformed individuals 
ceased to grow and turned yellow 
63 
Table 10a. Results of chi-square test on T2 transgenic lines of GmPAPS. 
green yellow chi-square Conclusion 
1478 CI 124 ^ 0.299 Single insertion locus 
1478 C2 100 ^ 0.411 Single insertion locus 
1478 F4 84 27 0.04776 Single insertion locus 
1478 F6 103 30 0.3627 Single insertion locus 
1478 F5 136 39 0.759 Single insertion locus 
1478 G1 104 34 0.03828 Single insertion locus 
1478 N1 92 ^ 0.1676 Single insertion locus 
1478 01 72 ^ 0.5217 Single insertion locus 
Significance level was set at 0.05 and the critical value of Chi-square test was 
3.841. Only those lines showing a 3:1 ration with chi-square value < 3.841 were 
considered as lines with a single insertion locus. 
Table 10b. Results of screening of T3 transgenic lines of GmPAPS. 
Lines Conclusion 
1478 C-2-5 Homozygous 
1478 F-4-2 Homozygous 
1478 F-4-6 Homozygous 
1478 G-2-5 Homozygous 
1478 0-1-1 Homozygous 
1478 N-1-10 Homozygous 
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C-2-5 G-2-5 F-4-2 F-4-6 0-1-1 
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Figure 8a. PCR screen of GmPAP3 transgenic Arabidopsis genomic DNA. 
PCR condition was as described in materials and methods section. Lane 1: 
GmPAPS transgenic line 1478 C-2-5, Lane 2: GmPAPS transgenic line 1478 G-2-5, 
Lane 3: GmPAPS transgenic line 1478 F-4-2, Lane 4: GmPAPS transgenic line 
1478 F-4-6, Lane 5: GmPAPS transgenic line 1478 0-1-1，Col-0: wild type 
Arabidopsis genomic DNA (ecotype Columbia-0). Of the 5 lines screened, 5 of 
them shown positive result. 
1473 1473 1473 1473 1473 Col-0 
C-2-5 G-2-5 F-4-2 F-4-6 0-1-1 
m k 
Figure 8b. Northern blot analysis of GmPAPS transgenic Arabidopsis homozygous 
lines. 
Lane 1: GmPAPS transgenic line 1478 C-2-5, Lane 2: GmPAP3 transgenic line 
1478 G-2-5, Lane 3: GmPAPS transgenic line 1478 F-4-2, Lane 4: GmPAPS 
transgenic line 1478 F-4-6, Lane 5: GmPAPS transgenic line 1478 0-1-1，Col-0: 
wild type Arabidopsis (ecotype Columbia-0). All 5 transgenic lines show 
expression of GmPAPS. 
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3.5 Colocalization of GmPAPS with MitoTracker-orange 
To investigate the subcellular localization of GmPAP3, the transgenic BY-2 
cell lines expressing GmPAP3-T7 were used for immunolabeling and confocal 
microscopy. FITC (pseudocolored in green) was used to label GmPAPS-T7 fusion 
protein whereas MitoTracker-orange (pseudocolored in red) was used as a marker for 
mitochondria. MitoTracker-orange is a commonly used fluorescence probe for 
labeling mitochondria in plant cells and the signal is moderately retained after fixation 
and washing. Figure 9 below shows the signal of MitoTracker-orange in live and 
fixed BY-2 cells. Confocal microscopy analysis shows that, all four GmPAP3-T7 
transgenic cell lines gives green FITC signal (Figure 10), these FITC signals are 
localized to small punctated structures (Figure 11 d,e,f), which were also labeled by 
the fluorescence of MitoTracker-orange. Colocalization is shown in yellow in the 
merged image (Figure llf). While Wild type BY-2 cell line show no FITC signal at 
all (Figure 11a). The calculated percentage colocalization of FITC and MitoTracker 
-orange were shown in table 11. All GmPAP3-T7 transgenic BY-2 cell lines showed 
more than 60% of percentage colocalization. Therefore we can concluded that 
GmPAP3 do localize in the mitochondria. 
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Figure 9. Signal of MitoTracker-orange in live and fixed BY-2 cells 
Staining of BY-2 cells with MitoTracker-orange was performed as described in the 
Materials and Methods section. The signal of MitoTracker-orange in fixed cells (B) 
shows no great difference with the signal in live cells (A). Scale bar in A = 50 
microns. Scale bar in B 二 10 microns. 
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Figure 10. Subcellular localization of GmPAPS. 
WT: Wild type, A: GmPAP3-T7 transgenic line 1535-2, B: GmPAP3-T7 transgenic 
line 1535-3, C: GmPAP3-T7 transgenic line 1535-1, D: GmPAP3-T7 transgenic line 
1535-4. The GmPAP3-T7 tag fusion was labeled with FITC-conjugated secondary 
antibody. MitoTracker-orange was used as a marker for mitochondria. Scale bar= 
10 microns 
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Figure 11. Subcellular localization of GmPAP3 (enlargement of selected photos from 
Figure 10). 
A: Wild type, B: GmPAP3-Tl transgenic line 1535-2, C: GmPAP3-T7 transgenic line 
1535-3. The GmPAP3-Tl tag fusion was labeled with FITC-conjugated secondary 
antibody (pseudocolored in green) and MitoTracker -orange (pseudo-colored in red) 
was used as a marker for mitochondria,- Scale bar^i 10 microns 
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Table 11. Quantification of colocalization of FITC and MitoTracker-orange in 
confocal immunofluorescence. 
GmPAP3-T7 transgenic Percentage colocalization No. of cells analyzed 
cell lines (mean 土 SD) 
1535-1 66.11± 5.56% ^ 
1535-2 64.84 ±4.16% M 
1535-3 67.20 ±4.69% ^ 
"T535-4 I 62.33 ±3.33% 17 
Subcellular localization of GmPAPS was studied by confocal immunofluorescence 
localization. FITC conjugated secondary antibody was used to labeled the 
GmPAP3-T7 tag fusion protein. MitoTracker-orange is a fluorescence dye which 
specifically labels mitochondria in cells. Quantification of the extent of 
colocalization for the signal of FITC and MitoTracker-orange was performed from 
one direction only (i.e. it ask how much of the signal of FITC colocalize with the 
signal of MitoTracker-orange, not the other way round.) as described in the Materials 
and Methods section. Percent colocalization is expressed as the mean 土 standard 
deviation (SD) for the number of cells analyzed. 
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3.6 Effect of expressing GmPAPS on mitochondria integrity of BY-2 cells 
under NaCl and dehydration stress. 
While salt stress and dehydration stress can induce gene expression of 
GmPAPS in soybean, its function remain unknown. We hypothesize that, with its 
mitochondria localization, GmPAP3 may involve in scavenging of reactive 
oxygen species (ROS) in plant cells under salt and dehydration stress. 
Salt-induced ROS production was reported in leaf mitochondria of plants 
(Hernandez et al. 1993, Gomez et al., 1999). On the other hand, it was proved 
that in plant mitochondria, ROS can cause collapse of mitochondria membrane 
potential (Pastore et al., 2002). Therefore, mitochondria membrane potential 
was use as a parameter for ROS-induced mitochondria damage. In this case, the 
fluorescent dye rhodamine 123 (Rhl23), which selectively accumulates in 
mitochondria based on the transmembrane potential (Petit, 1992), was used to 
evaluate the integrity of mitochondria of BY-2 cells under salt and dehydration 
treatment. This dye can only be uptake by active mitochondria while 
de-energized or depolarized mitochondria will give weak and diffuse fluorescent 
signals (Wu 1987, Petit 1992,). 
When untreated BY-2 cells were stained with Rhl23, discrete signals were 
observed (Figure 12a). However, when the cells were pre-treated with 200mM 
NaCl or 2% PEG in prior to Rhl23 staining, diffuse signal were obtained (Figures 
12b and 12c). However, if the antioxidant ascorbic acid (lOmM) was included in 
the cell medium, such diffusion of signals was prevented (Figures 12e and 12f). 
These results suggest that NaCl stress will cause oxidation stress and lead to 
damage of mitochondrial membranes in BY-2 cells. When subjected to the same 
treatments as the untransformed BY-2 cells, GmPAPS transgenic lines exhibited 
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similar discrete signal pattern without NaCl and PEG treatments (Figures 12g and 
12j). Nonetheless, a clear protection effect was observed in GmPAPS transgenic 
lines under NaCl treatment (Figures 12h and 12k) as well as under PEG treatment 
(Figures 12i and 121). This experiment was repeated twice and the quantitative 
results were shown in Table 12. 
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Figure 12. Mitochondria integrity of GmPAP3 transgenic BY-2 cell lines and wild 
type. 
WT: Wild type; WT+AC: Wild type cell with lOmM Ascorbic acid, line 20 and line 
29: GmPAPS transgenic cell line 1482-20 and 1482-29. Cells were pre-treated with 
200mM NaCI for 1 hr, 200mM NaCI and lOmM Ascorbic acid for 1 hr, 2% PEG for 
30 min，or 2% PEG and lOmM Ascorbic acid before staining with Rhodamine 123 
respectively. Scale bar = SOmicrons. 
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Table 12. Mitochondria integrity of GmPAPS transgenic BY-2 cell lines and wild 
type. 
% of cells with Control NaCl treatment PEG treatment 
intact mitochondria 
Wild type (WT) 1Q0%±0 36.Q2%±4.57% 35.76%±2.93% 
WT + Ascorbic 100%±0 84.12% 士 5.83% 73.09%±1.16% 
acid 
GmPAPS 100%±0 83.18%±4.50% 84.12%±5.83o/o 
transgenic line 
1482-20 
GmPAPS 100%±0 87.01%±6.59% 83.34%±4.72% 
transgenic line 
1482-29 
Cells were pre-treated with 200mM NaCl for 1 hr, 200mM NaCl and lOmM Ascorbic 
acid for 1 hr; or 2% PEG, or 2% PEG and lOmM Ascorbic acid for 30 min before 
staining with Rhodamine 123 respectively. 15-25 cells were counted and the 
experiment was repeated at least twice. 
74 
3.7 Effect of expressing GmPAPS on ROS production in BY-2 cells under salt 
and PEG treatment 
Since expressing GmPAPS in BY-2 cells seems to be able to protect he 
mitochondria under salt and dehydration stress, we would like to know whether 
this protection effect is due to a lowering of ROS production. The intracellular 
production of ROS was measured by using H2DCFDA. This nonpolar 
compound is converted to the membrane-impermeant polar derivative H2DCF by 
esterases when it is taken up by the cell. H2DCF is non-fluorescent itself, but it 
will rapidly oxidized to the highly fluorescent DCF by H2O2 and other peroxides, 
make it an integral method for detection of intracellular ROS. 
When untreated BY-2 cells were stained with H2DCFDA, a weak green 
signal shows (figure 13a). This represents the basal level of intracellular ROS. 
However, when the cells were treated with 200mM NaCl or 2% PEG after 
pre-stain of H2DCFDA, a tremendous increase of intensity of H2DCFDA signal 
were observed (figure 13b & 13c). However, if lOmM of ascorbic acid (act as an 
antioxidant) was included in the cell medium, such increment of signal intensity 
was not observed (figure 13e & 13f). As shown in Figure 14，quantification of 
fluorescence intensity of H2DCFDA shows there is a significant deduction of 
signal intensity when lOmM Ascorbic acid was added to either NaCl or PEG 
treatment. These results suggest that there is an induction of ROS production 
which cause by the NaCl and PEG treatment. When subjected to the same 
treatments as the untransformed BY-2 cells, GmPAPS transgenic cell lines exhibit 
similar signal intensity when without NaCl and PEG treatments. When under 
NaCl and PEG treatments, GmPAPS transgenic cell lines exhibit much less 
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increment of signal intensity than the wild type (Figures 12h&12i, 12k&121). As 
shown in Figures 15 and 16，the signal intensity ofH2DCFDA in the two GmPAPS 
transgenic lines is significantly lower than that of wild type under both NaCl and 
PEG treatments. This experiment was repeated twice and quantitative results 
were shown in Figures 14, 15 and 16. 
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Figure 13. ROS production in GmPAPS transgenic and wild type cell lines. 
Assay of ROS production in GmPAPS transgenic and wild type cell lines. WT: 
Wild type, WT+AC: Wild type cell with lOmM Ascorbic acid, line 20 and line 29: 
GmPAPS transgenic cell line 1482-20 and 1482-29. The suspension cells were 
pre-stained with H2DCFDA for 30 minutes in prior to treatment with 200mM 
NaCl for 1 hr, 200inM NaCl and lOmM Ascorbic acid for 1 hr, 2% PEG for 30 
min, or 2% PEG and lOmM Ascorbic acid respectively. Scale bar = 50 microns. 
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Figure 14. Quantification of fluorescence intensity of HsDCFDAof wild type BY-2 
cells under salt treatment, PEG treatment and Ascorbic acid treatment. 
WT: Wild type BY-2 cells, WT ac: Wild type cells with lOmM Ascorbic acid 
treatment, CT: control, NaCl: 200mM NaCl treatment, PEG: 2% PEG treatment. 
Wild type cells were treated with 200mM NaCl, 2% PEG, lOmM Ascorbic acid, 
200mM NaCl with lOmM Ascorbic acid, or 2% PEG with lOmM Ascorbic acid after 
staining with H2DCFDA. Fluorescence intensity was analyzed by ImageJ and 10-20 
cells were analyzed. The results were analyzed by one-way ANOVA. * = mean 
difference is significant at 0.01 level 
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Figurel5. Quantification of fluorescence intensity of HzDCFDAof BY-2 cells under 
NaCI treatment. 
WT: Wild type; 20 and 29: GmPAPS transgenic line 1482-20 and 1482-29; CT: 
control, NaCI: 200mM NaCI treatment. The cell lines were treated with 200mM 
NaCI after to H2DCFDA staining. Fluorescence intensity was analyzed by ImageJ 
and 10-20 cells were analyzed. The results were analyzed by one-way ANOVA. * 
=mean difference is significant at 0.01 level 
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Figure 16. Quantification of fluorescence intensity of H2DCFDA of BY-2 cells under 
PEG treatment. 
WT: Wild type, 20 and 29: GmPAPS transgenic line 1482-20 and 1482-29; CT: 
control, NaCl: 200mM NaCl treatment. The cell lines were treated with 2% PEG in 
prior to H2DCFDA staining. Fluorescence intensity was analyzed by ImageJ and 
10-20 cells were analyzed. The results were analyzed by one-way ANOVA. * = 




3.8 Effect of expressing GmPAPS in Arabidopsis thaliana under salt stress 
To evaluate the effect of expressing GmPAPS under salt stress in in-planta 
level, GmPAP3 transgenic Arabidopsis were constructed and its growth 
performance under salt treatment were evaluate. Root length is a commonly use 
parameter for assaying plant growth performance under stress. Therefore a root 
length assay was conducted and the root length of the plants under salt treatment 
were recorded and analyzed. As shown in Figure 17，both GmPAPS transgenic 
Arabidopsis lines shown a lower growth reduction of root length when compare to 
the wild type Columbia-0 and the vector only transgenic Arabidopsis. 
81 
i 
Growth reduction of root length ofGmPAP3 transgenic Arabidopsis and 
wild type 
50.00%� 1 
4 5 . 0 0 % 工 
1= T 
M 40.00% ——^^ 
§ * J 
35.00% —— I I 
I 30.00% —— 
J 25.00% —— t5 •o 20.00% —— 
I 15.00% —— 
(§ 10.00% —— 
5.00% —— 
0 . 0 0 % ‘ ‘ ‘ ‘ 
ColO Vector only 1478C-2-5 1478F-4-2 
Lines 
Figure 17. Growth reduction of root length of GmPAPS transgenic Arabidopsis 
thaliana under salt stress. 
20 Seeds of transgenic and wild type(Col-O) were sowed on MS medium and MS 
with lOOmM NaCl and allowed to imbibe for 2 day at 4°C. Then the plants were 
grown in a environmentally-controlled growth chamber under 16 hr light/8 hr dark 
at 22 Root length of 8-days old seedlings was measured. ColO: wild type 
Arabidopsis thaliana ecotype Columbia-0, Vector only: wild type Arabidopsis 
transformed with the binary vector W104 only, 1478C-2-5 and 1478 F-4-2: 
GmPAPS transgenic Arabidopsis. The results were analyzed by one-way 
ANOVA. The experiment was repeated twice. 
* = mean difference is significant at the 0.01 level. 
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Chapter 4 Discussion 
4.1 Gene expression profile of GmPAPS 
In plants，both salt stress and dehydration are able to induce ROS 
production in cellular compartments (Smirnoff, 1998; Bartels, 2001; Apel and Hirt, 
2004). Previous studies in our lab have shown that the expression of GmPAPS is 
induced by salt stress as well as oxidative stress (Liao et. al 2003). Since 
physiological drought is one of the effects brought by salt stress, this raises the 
question that whether GmPAPS will also be induced by dehydration stress. In this 
study, the effect of salt, paraquat as well as PEG treatments on expression of GmPAPS 
was studies in parallel. Northern blot analysis revealed that expression of GmPAPS 
is not only induced under salt and oxidative stress, but also by dehydration. 
Under salt stress, it is suggested that there is an NADH-induced production 
of O2' in the mitochondria (Hernandez et al., 1993), together with an impair ROS 
scavenging system (Hernandez et a!., 1993; Gomez et al, 1998; Mittova et al.’ 2003), 
causing oxidative stress. While under dehydration stress, stomatal closure will cause 
a sudden decrease in intercellular CO2 content, leading to over-reduction of 
components within the electron transport chain and electron leakage occur. When 
these leaked electrons being transferred to oxygen, drastic increase of ROS occurs 
(Chaves and Oliveira, 2004). The elevated gene expression of GmPAPS under salt 
treatment and dehydration may brought by an increase of intercellular ROS. This is 
in agreement with the result that the expression of GmPAP3 is also induced by 
paraquat treatment which induces ROS production in cells. 
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4.2 Subcellular localization of GmPAPS 
While most of the plant PAPs contains a signal peptide and are secreted 
outside the cell via endoplasmic reticulum, GmPAP3 represents a novel type of PAP 
which, by computer software analysis, predicted to be located in mitochondria as it 
possesses a mitochondria transit peptide (Liao et al., 2003). Mitochondria are one of 
the major sites of ROS production when plants are under abiotic stresses (Smirnoff, 
1998; Bartels, 2001; Apel and Hirt, 2004). With such salt, dehydration and oxidative 
stress inducibility, and a putative mitochondrial localization, we hypothesize that 
GmPAPS might involve in ROS scavenging or forming under salt and dehydration 
stresses. To accurately interpret the physiological role of GmPAPS, it is important to 
confirm the putative mitochondrial location of its protein. Transgenic BY-2 cell 
lines expressing GmPAP3 which fuse with a 77 epitope tag were successfully 
constructed, and the subcellular localization of GmPAP3 was investigated by means 
of immnuohistochemistry. Confocal microscopy analysis shows that, the signals of 
GmPAP-T7 transgenic cell lines, which are labeled by FITC, are localized to small 
punctated structures that were also labeled by the mitochondrial marker 
MitoTracker-orange. All GmPAP3-T7 transgenic BY-2 cell lines showed more than 
60% of percentage colocalization. It can be concluded that, at least majority of the 
GmPAP3 were being transported to mitochondria. 
Immunolabeling of proteins require fixation of the cells, which means that 
the image capture could only reflect a static state of the cell. In the confocal 
microscopy analysis of GmPAP3-T7, the percentage colocalization of the fusion 
protein to MitoTracker orange is about 60%. Assuming that some of the protein is 
being transport, where will the remaining 20-30% protein goes? 
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Protein import into the mitochondria requires a presequence. 
Mitochondria targeting signal are mostly contained within N-terminal segments 
(presequences), the majority of which are cleaved upon import into the mitochondria 
(Neupert, 1997). In plants, one interesting point to note is that it is not clear how 
mitochondrial targeting sequences differ from chloroplast transit targeting sequences 
that direct preproteins into the stroma of chloroplasts (Filho, 1996). The amino acid 
composition of plant mitochondria and chloroplast targeting presequence are 
remarkably similar. Both of the presequences are rich in hydrophobic (Ala, Leu, Phe, 
Val) and hydroxylated (Ser, Thr) and positively charged (Arg, Lys) amino acid 
residues, and deficient in acidic amino acids (Zhang and Glaser, 2002). In some 
previous studies, import of chloroplast preproteins into mitochondria has been 
reported (Franzen et al., 1990; Huang et al, 1990; Brink et al, 1994). Recently, 
some studies suggest that dual targeting of proteins into mitochondria and 
chloroplasts do occur. Bhushan et al, (2003) has demonstrated that a single 
preprotein of zinc-metalloprotease is dual-targeted to mitochondria and chloroplasts 
in vivo, by carrying an ambiguous targeting peptide. It is noteworthy that 3 enzymes 
which involve in the Ascorbate-Glutathione cycle, including the APX, MDHAR and 
GR, were demonstrated to be dual-targeted into chloroplasts as well as mitochondria 
(Obara et al, 2002; Chew et al, 2003). It will be interesting to see whether 
GmPAP3 will also be dual-targeted into the chloroplasts as well. Chloroplast is a 
major ROS generation site under abiotic stresses (Foyer et al., 1994; Hernandez et al., 
1995; Battels and Sunkar, 2005), there is possibility that GmPAP3 was dual-targeted 




4.3 Functional tests of GmPAPS transgenic BY-2 cells lines 
4.3.1 GmPAPS could protect the plant cells' mitochondria integrity when under salt 
and dehydration stress 
Drastic increase production of ROS in plant cells were one of the harmful 
consequences brought by abiotic stresses such as salt and dehydration stress. 
Salt-induced ROS production was reported in leaf mitochondria of plants (Hernandez 
et al. 1993, Gomez et al., 1999), and mitochondria were suggested to be the main 
target of ROS attack under abiotic stress (Tambussi et al., 2000; Bartoli et al., 2004). 
Since we have proven that majority of the GmPAP3 proteins were located in 
the mitochondria, and the expression level of GmPAP3 is elevated when under salt, 
dehydration and oxidative stress, it is obvious that the function of GmPAP3 might 
related to plant adaptation to salt and dehydration stresses, most probably by involve 
in ROS scavenging or forming in the mitochondria. To elucidate the physiological 
role of GmPAP3, it is important to investigate whether it can protect the mitochondria 
from damage of ROS due to salt and dehydration stresses. Previous studies have 
shown that in plant mitochondria, ROS can cause collapse of mitochondria membrane 
potential (Pastore et al, 2002). Therefore, mitochondria membrane potential was 
used as a parameter for ROS-induced mitochondria damage. In this case, the 
fluorescent dye rhodamine 123 (Rhl23), which selectively accumulates in 
mitochondria based on the transmembrane potential (Petit, 1992), was used to 
evaluate the integrity of mitochondria of tobacco BY-2 cells under salt and 
dehydration treatment. This dye can only be uptake by active mitochondria while 
de-energized or depolarized mitochondria will give weak and diffuse fluorescent 
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signals (Wu 1987, Petit 1992,). 
In this study，GmPAP3 transgenic tobacco BY-2 cell lines were successfully 
established for study its physiological function under salt and dehydration stresses. 
Under NaCl and PEG (which mimic dehydration stress) treatments, wild type BY-2 
cells were found to loss its mitochondria integrity entirely, while GmPAPS transgenic 
cell lines were able to protect its mitochondria intact. It is interesting to note that 
when lOmM Ascorbic acid is included in the treatment medium, most of the wild type 
BY-2 cells retain its mitochondria integrity under both NaCl and PEG treatment. 
Ascorbic acid was often used as antioxidant, and was found to be able to remove ROS, 
especially H2O2 directly (Hernandez et al” 2001). In this case, expressing GmPAPS 
in the BY-2 cells actually exhibits a similar effect as treating the wild type cells with 
the antioxidant Ascorbic acid, i.e. the effect of GmPAPS on protecting the 
mitochondria intact under salt and dehydration stress is a phenol-copy of what 
Ascorbic acid does. Thus we can conclude that expressing GmPAPS have a 
protection effect on mitochondria integrity under salt and dehydration stress in plant 
cells, and this effect might probably brought by scavenging of ROS. 
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4.3.2 Expressing GmPAPS in tobacco BY-2 cells were able to reduce the production 
of ROS under salt and dehydration stresses 
Salt and dehydration stress could bring about drastic increase of ROS 
production, which attack cellular compartments such as mitochondria. While 
expressing GmPAPS in BY-2 cells seems to be able to protect he mitochondria intact 
under salt and dehydration stress, we would like to know whether this protection 
effect is due to a lowering of ROS production. The intracellular production of ROS 
was measured by using a fluorescent probe H2DCFDA. This nonpolar compound is 
converted to the membrane-impermeant polar derivative H2DCF by esterases when it 
is taken up by the cell. H2DCF is non-fluorescent itself, but it will rapidly oxidized 
to the highly fluorescent DCF by H2O2 and other peroxides, make it an integral 
method for detection of intracellular ROS (Cathcart et aL, 1983; Maxwell et al., 
1999). 
When treated by NaCl and PEG, the wild type tobacco BY-2 cells give 
tremendous increase of intensity of H2DCFDA signals, but such induction of signal 
intensity is much less in the 2 GmPAPS transgenic cell lines. When the wild type 
cells were treated with the antioxidant Ascorbic acid, increase of signal intensity of 
H2DCFDA is not obvious at all. This result suggest that there is an induction of 
intercellular ROS production during salt and dehydration stresses, and an addition of 
ROS scavenger such as ascorbic acid could tremendously reduce such increased 
production of ROS. Again, expressing GmPAPS in the BY-2 cells exhibit a similar 
effect as treating the wild type BY-2 cells with Ascorbic acid, the salt/dehydration 
induced increment in ROS production was greatly reduced. 
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In mammals, Purple acid phosphatases were long thought to be associated 
to physiological processes which involve ROS forming and/or scavenging (Klabunde 
et al., 1995; Kaija et al., 2002). The Fe(III)-Fe(II) di-iron binuclear metal center of 
mammalian PAPs is a 2-edged sword, allowing them to evolve or scavenge ROS 
through the Fenton's type reaction. However, unlike their animal counterparts, most 
of the PAPs biochemically characterized in plants were found to have an Fe(III)-Zn(II) 
or Fe(III)-Mn(II) binuclear centers (Schenk et al., 1999; Olczak et al., 2003). This 
difference in the biochemical property of plant and animal PAPs may be a crucial 
factor that reflecting the differences in their ROS scavenging and/or forming activities. 
Plants PAPs are suggested to take a ROS scavenging role (Klabunde et al., 1995; 
Olczak et al., 2003). A ROS scavenging role of a plant PAP from kidney bean 
(KBPAP) was proposed based on the observation that in the presence of Ascorbate, 
the Fe(III) of KBPAP could be reduced to Fe(II), which has such a low redox potential 
that it immediately reduce oxygen to water to form Fe(III), thereby reduce the 
concentrations of free radicals (Klabunde et al., 1995). This suggests that plant 
PAPs, in the presence of ascorbate, may be able to scavenge ROS through Fenton's 
type reaction. 
i.e.: Fe3+ + 02- • Fe2+ + 02 
The low Redox potential of Fe(II) allows it being oxidized by oxygen to 
form Fe (III). Since Zn(II) and Mn(II) has a much less tendency to undergo 
reduction, and thus less tendency to produce ROS through the Haber-weiss reactions. 
This electrochemical property of plant PAP may be account for its ROS scavenging 
activity, but is not yet experimentally testified. Another plant PAPs that found to 
possess peroxidase activity is the Arabidopsis ATACPS, but whether its peroxidase 
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activity is related to ROS scavenging in plants is still unknown. Whether the ability 
of GmPAP3 to scavenge ROS is given by its binuclear center or by something else 
remains a question and may need to be solved by biochemical and biophysical 
approaches. 
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4.4 Functional tests of GmPAP3 transgenic Arabidopsis 
Salt and dehydration stresses could induce oxidative stress in plant cells. 
The enhanced production of ROS during abiotic stress is one of the major threats to 
cells, causing membrane lipid peroxidation, protein oxidation, enzyme inhibition and 
DNA and RNA damage (Yu et al., 1994; Perl-Treves and Perl, 2002) and eventually, 
cell death (Path et al., 2001). Since elevated ROS production is an important 
consequence of abiotic stresses that cause cellular injury (Allen, 1995; Bartels, 2001; 
Mittler, 2002; Bartels and Sunkar, 2005), manipulation of ROS scavenging or 
antioxidants enzymes may be a promising approach to obtain plants with stress 
tolerance. 
In this study, we have demonstrated that GmPAPS, which located in the 
mitochondria, could protect the plant cells' mitochondria intact when under salt or 
dehydration treatments, by minimizing the stress-induced intercellular ROS 
production. It would be important to investigate whether GmPAPS could improve 
growth performance of plants when under stress. In this study, we have successfully 
construct GmPAPS transgenic Arabidopsis thaliana, which act as an in planta system 
for evaluation of the effect of expressing GmPAPS in plants under stress. Root 
length is a commonly use parameter for assaying plant growth performance under 
stress. Therefore a root length assay was conducted and the root length of the plants 
under salt treatment were recorded and analyzed. GmPAPS transgenic Arabidopsis 
lines showed a better growth performance than the wild type, with a lower root-length 
deduction when treated under salt stress. This result support our findings on the role 
of GmPAPS that it is involve in salt stress tolerance through ROS scavenging, thus 
improving plant growth performance under salt stress. 
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Chapter 5 Conclusion and perspectives 
Abiotic stresses, such as salt and dehydration stresses, usually affect plants 
in multi-facets way. One of the common consequences brought by salt and 
dehydration stress is the elevated production of intercellular reactive oxygen species. 
When the equilibrium of ROS forming and scavenging is upset, just as when plant is 
under abiotic stress, the increased intercellular ROS will threaten plant cells, causing 
cellular damage such as membrane lipid peroxidation, protein oxidation, enzyme 
inhibition and DNA and RNA damage, and eventually cell death (Yu et al., 1994; Fath 
et al., 2001; Perl-Treves and Perl, 2002; Bartels and Sunkar, 2005). Since ROS 
scavenging and maintaining the intercellular ROS content in equilibrium is a very 
important line of defense for stress tolerance, manipulation of ROS scavenging or 
antioxidant enzymes may pose an efficient way for molecular engineering of stress 
tolerance plants. 
This research aims at characterizing, and studying the function of GmPAPS 
in relationship with salt and dehydration stress. In this study, we have demonstrated 
that GmPAPS, a gene which code for a novel purple acid phosphatases is involved in 
cellular defense of salt or dehydration induced ROS production. We have 
demonstrated that the gene product ofGmPAPS were located in the mitochondria, just 
as previously predicted by computer programs (Liao et al, 2003). Expressing 
GmPAPS in tobacco BY-2 cell lines could protect the cells' mitochondria intact when 
under salt and dehydration stress, by reducing the induction of stress-induced ROS 
production. We have also initiate the studies of the effect of expressing GmPAPS in 
Arabidopsis under stress and found that GmPAP3 transgenic plants showed a better 
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growth performance than the wild type when treated by salt. In the future, the 
growth performance of GmPAPS transgenic Arabidopsis under dehydration stress and 
oxidative stress should also be assay, so as to investigate whether ectopically express 
GmPAPS could confer stress tolerance in in-planta level. Meanwhile, GmPAP3 
transgenic rice was being constructed. The effect of expressing GmPAP3 in rice and 
the growth performance of the transgenic rice when treat with salt and dehydration 
will also be investigated, so as to testify the applicable value of GmPAP3 in molecular 
engineering of stress-tolerance plants. 
93 
References: 
Allan, A C. and Fluhr, R. (1997). Two distinct sources of elicited reactive oxygen 
species in tobacco epidermal cells. Plant Cell. 9: 1559-1572 
Allen, R.D. (1995). Dissection of oxidative stress tolerance using transgenic plants. 
Plant Physiol. 107: 1049-1054 
An, G (1985). High efficiency transformation of cultured tobacco cells. Plant Physiol. 
79: 568-570 
Aono, M.’ Saiji, H., Fujiyama, K., Sugita, M., Kondo, N. and Tanaka, K. (1995). 
Paraquat tolerance of transgenic Nicotiana tabacum with enhanced activities of 
glutathione reductase and superoxide dismutase. Plant Cell Physiol 36: 1687-1691 
Apel, K. and Hirt, H. (2004). Reactive oxygen species: metabolism, oxidative stress 
and signal transduction. Amm. Rev. Plant Biol. 55: 373-399 
Arisi, A.-C.M., Noctor, G, Foyer, C. H. and Jouanin, L. (1997). Modifications of thiol 
contents in poplars {Populus tremula x P. alba) overexpressing enzymes involved in 
glutathione synthesis. Planta. 203: 362-372 
Asada, K. (1994). Production and action of active oxygen species in photosynthetic 
tissues. In Causes of Photooxidative stress and amelioration of defense systems in 
plants, eds. C.H. Foyer, P.M. Mullineaux. 77-104. Boca Raton, Fla.: CRC. 
Ausubel, F.M., Brent, R.，Kingston,R.E., Moore, D.D., Seidman, J G, Smith, J.A., and 
Struhl, K. (1995). Phenol/SDS method for plant RNA preparation. In Current 
Protocols in molecular biology Vol.1, John Wiley & Sons, Inc., New York 
Badawi, GH., Kawano, N.’ Yamauchi, Y, Shimada, E., Sasaki, R.’ Kubo, A. and 
Tanaka, K. (2004). Over-expression of ascorbate peroxidase in tobacco chloroplasts 
enhances the tolerance to salt stress and water deficit. Physiol Plant. 121: 231-238 
Bannister, J.V., Bannister, W.H. and Rotilio, G (1987). Aspects of the structure, 
function and applications of superoxide dismutase. CRC Crit. Rev. Biochem. 22: 
111-180 
94 
Bartels, D. (2001). Targeting detoxification pathways: an efficient approach to obtain 
plants with multiple stress tolerance? Trends Plant Sci. 6: 284-286 
Bartels, D. and Sunkar, R. (2005). Drought and salt tolerance in plants. Crit. Rev. 
Plant Sci. 24: 23-58 
Bartoli, C.G, Gomez, R, Martinez, D.E. and Guiamet, J.J. (2004). Mitochodria are the 
main target for oxidative damage in leaves of wheat {Triticiim aestmm L). J. Exp, 
Bot. 55: 1663-1669 
Bhushan, S., Lefebvre, B.，Stahl, A.’ Wright, S.J., Bruce, B.D., Boutry, M., and Glaser, 
E. (2003). Dual targeting and function of a protease in mitochondria and chloroplasts. 
EMBO Rep. 4: 1073-1078 
Bolwell, G P., Butt, VS., Davies, D R. and Zimmerlin, A. (1995). The origin of the 
oxidative burst in plants. Free Rad Res. 23: 517-532 
Bowler, C., Slooten, L.’ Vandengranden, S.，De Rycke., R., Botterman, J., Sybesma, 
C., Van Montagu, M.’ and Inze, D. (1991). Manganese superoxide dismutase can 
reduce cellular damage mediated by oxygen radicals in transgenic plants. EMBO J. 10: 
1723-1712. 
Bowler, C., Van Montagu, M., and Inze, D. (1992). Superoxide dismutase and stress 
tolerance. Amw. Rev. Plant Physiol PlantMol Biol. 43: 83-116 
Brears, T.’ Liu, C.’ Knight, T. J. and Comzzi, G M. 1993. Ectopic overexpression of 
asparagines synthetase in transgenic tobacco. Plant Physiol 103: 1285-1290. 
Briat, J.F. (2002). Metal ion-activated oxidative stress and its control. In Oxidative 
stress hi plants, eds. D.Inze and M.Van Montagu. 171-190. Taylor and Francis. New 
York 
Broadbent, P., Creissen, G P.，Kular, B., Wellburn, A.R. and Mullineaux, P.M. (1995). 
Oxidative stress responses in transgenic tobacco containing altered levels of 
glutathione reductase activity. Plant J. 8: 247-255 
Buchanan, B.B.，Gruissem, W. and Jones, R.L. (2000). Biochemistry and molecular 
biology of plants. 1189-1197. American society of plant physiologists. Rockville, 
95 
Maryland 
Burton, GW., Joyce, A., and Ingold, K.U. (1982). First proof that vitamin E is major 
lipid-soluble, chain-breaking antioxidant in human blood plasma. Lancet. 2: 327 
Cathcart, R., Schwiers, E., and Ames, B.N. (1983). Detection of picomole levels of 
hydroperoxides using a fluorescent dichlorofluorescein assay. Anal. Biochem. 134: 
111-116 
Chaves, M.M. and Oliveira, M M. (2004). Mechanisms underlying plant resilience to 
water deficit: prospects for water-saving agriculture. J. Exp. Bot. 55: 2365-2384 
Chew, O., Whelan, J., and Millar, AH. (2003). Molecular definition of the 
ascorbate-glutathione cycle in Arabidopsis mitochondria reveals dual targeting of 
antioxidant defenses of plants. J. Biol Chem. 278: 46869-46877 
Desikan, R , A-H Mackemess, S., Hancock, J. T. and Neill, S.J. (2001). Regulation of 
the Arabidopsis transcriptome by oxidative stress. Plant Physiol 127: 159-72 
Del Pozo.’ J.C., Allona, I., Rubio, V., Leyva, A., Pena, A.D丄.’ Aragoncillo, C. and 
Paz-Ares, J. (1999). A type 5 acid phosphatase gene from Arabidopsis thaliana is 
induced by phosphate starvation and by some other types of phosphate 
mobilising/oxidative stress conditions. Plant! 19: 579-589 
Dower, W. J.，Chassy, B. M., Trevors, J. T. and Blaschek, H. P. 1992. Protocols for the 
transformation of bacteria by electroporation. Guide to electroporation and 
electrofusion, P. 485-499. Academic Press. San Diego. 
Doyle, J. J. and Doyle, J. L. 1987. A rapid DNA isolation procedure for small 
quantities of fresh leaf tissue. Phytochem. Bull 19: 11-15. 
Duff, S.M.G, Sarath, G and Plaxton, W.C. (1994). The role of acid phosphatase in 
plant phosphorus metabolism. Physiol. Plant. 90: 791-800 
Durmus, A., Eicken, C., Spener, F. and Krebs, B. (1999). Cloning and comparative 
protein modeling of two purple acid phosphatase isozymes from sweet potatoes 
(Jpomoea batatas). Biochim. Biophys. Acta 1434: 202-209 
96 
Elthon, T.E. and Mcintosh, L. (1987). Identification of the alternative terminal oxidase 
of higher plant mitochondria. Proc. Natl. Acad Sci. USA. 84: 8399-8403 
Path, A., Bethke, PC., Belligni, M.V., Spiegel, Y.N.’ and Jones, R.L. (2001). 
Signalling in the cereal aleurone: hormones, reactive oxygen and cell death. New 
Phyto. 151: 99-107 
Foyer, C.H. and Fletcher, J.M. (2001). Plant antioxidants: Colour me healthy. 
Biologist. 48: 115-120 
Foyer, C.H. and Halliwell, B. (1976). The presence of glutathione and glutathione 
reductase in chloroplasts: a proposed role in ascorbic acid metabolism. Planta. 133; 
21-25 
Foyer, C.H. and Harbinson, J.C. (1994). Oxygen metabolism and the regulation of 
photosynthetic electron transport. In Causes of Photooxidative stress and 
amelioration of defense systems in plants, eds. CH Foyer, PM Mullineaux. 1-42. Boca 
Raton, Fla.: CRC 
Foyer，C.H., Lelandais, M. and Kunert, K.J. (1994). Photooxidative stress in plants. 
Physiol Plant. 92: 696-717 
Foyer, C.H., Souriau, N., Perret, S.，Lelandais, M., Kunert, K.-J., Pmvost, C. and 
Jouanin, L. (1995). Overexpression of glutathione reductase but not glutathione 
synthetase leads to increases in antioxidant capacity and resistance to photoinhibition 
in poplar trees. Plant Physiol, 109: 1047-1057 
Gomez, J.M., Hernandez, J.A., Jimenez, A., del Rio, L A. and Sevilla F. (1999). 
Differential response of antioxidative enzymes of chloroplasts and mitochondria to 
long-term NaCl stress of pea plants. Free Rad Res. 31: Sll-18 
Gossett, D R., Banks, S.W., Millhollon, E.P. and Lucas, M.C. (1996). Antioxidant 
response to NaCl stress in a control and an NaCI-tolerant cotton cell line grown in the 
presence of paraquat, buthionine sulfoximine, and exogenous glutathione. Plant 
Physiol. 112: 803-809 
Gueta-Dahan, Y.，Yaniv, Z.，Zilinskas, B.A., and Ben-Hayyim, G (1997). Salt and 
oxidative stress: similar and specific responses and their relation to salt -tolerance in 
97 
Citrus. Planta. 203: 460-469 
Hamilton III, E.W. and Heckathom, S.A. (2001). Mitochondrial adaptations to NaCl. 
Complex I is protected by anti-oxidants and small heat shock proteins, whereas 
Complex II is protected by praline and betaine. Plant Physiol 126: 1266-1274 
Hayman, A.R.，Bune, A.J., Bradley, JR., Rashbass, J. and Cox, T.M. (2000). 
Osteoclastic tartrate-resistant acid phosphatase (Acp 5): its localizationto dendritic 
cells and diverse murine tissues. J. Histochem Cytochem. 48: 219-228 
Hayman, A.R and Cox, T.M. (1994). Purple acid phosphatase of the human 
macrophage and osteoclast. J. Biol. Chem. 269: 1294-1300 
Hayman, A.R.，Jones, S.J., Boyde, A., Foster, D., Colledge, W.H., Carlton, MB., 
Evans, M.J. and Cox, T.M. (1996). Mice lacking tartate-resistant acid phosphatase 
(Acp5) have disrupted endohondral ossification and mild osteoporosis. Development. 
122: 3151-3162 
Hernandez, J.A. and Almansa, M.S. (2002). Short-term effects of salt stress on 
antioxidant systems and leaf water relations of pea leaves. Physiol. Plant. 115: 
251-257 
Hernandez, J.A., Campillo, A., Jimenez, A., Alarcon, J.J. and Sevilla, F. (1999). 
Response of antioxidant systems and leaf water relations to NaCl stress in pea plants. 
New Phytol 141: 241-251 
Hernandez, J.A.’ Corpas, F.J.’ Gomez, M.，del Rio, L A. and Sevilla F. (1993). 
Salt-induced oxidative stress mediated by activated oxygen species in pea leaf 
mitochondria. Physiol Plant. 89: 103-110 
Hernandez, J.A., Jimenez, A., Mullineaux, P. and Sevilla, F. (2000). Tolerance of pea 
{Pisum sativum L.) to long-term salt stress is associated with induction of antioxidant 
defenses. Plant Cell Environ. 23 : 853-862 
Hernandez, J.A., Olmos, E.，Corpas, F.J., Sevilla, F. and del Rio, L.A. (1995). 
Salt-induced oxidative stress in chloroplast of pea plants. Plant Sci. 105: 151-167 
Hironori, K. (1997). Responses of rice superoxide dismutase genes to oxidative 
98 
stresses and tolerance of superoxide dismutase overproducing transgenic plants to 
paraquat treatment. Plant Physiol. Supp. 114: 102 
Hoekema, A., Hirsch, P. R.，Hooykaas, P. J. J. and Schilperoort, R. A. 1983. A binary 
plant vector strategy based on separation of vir- and T-region of the Agrobacierium 
tumefaciem Ti-plasmid. Nature 303: 179-180. 
Jimenez, A., Hernandez, J.A., del Rio, L A. and Sevilla, F. (1997). Evidence for the 
presence of the ascorbate-glutathione cycle in mitochondria and peroxisomes of pea 
leaves. Plant Physiol. 114: 275-284 
Jiang, L. and Rogers, J.C. (1998). Integral membrane protein sorting to vacuoles in 
plant cells: evidence for two pathways. J. Cell Biol 143:1183-1199 
Kaija, H., Alatalo, S.L., Halleen, J.M., Lindqvist, Y., Schneider, G，Vaananen, H.K., 
and Vihko, P. (2002). Phosphate and oxygen radical-generating activities of 
mammalian purple acid phosphatase are functionally independent. Biochem. Biophys. 
Res. Commun. 292: 128-132 
Kanematsu, S. and Asada, K. (1990). Characteristic amino acid sequences of 
chloroplast and cytosol isozymes of Cu, Zn superoxide dismutase in spinach, rice and 
horsetail. Plant Cell Physiol. 31: 99-112 
Kasai, H., Grain, P.F., Kuchino,Y., Nishimura, S., Ootsuyama, A.’ and Tanooka, H. 
(1986). Formation of 8-hydroxyguanine moiety in cellular DNA by agents producing 
oxygen radicals and evidence for its repair. Carcinogenesis. 7: 1849-1851 
Klabunde, T., Strater, N., Krebs, B. and Witzel, H. (1995). Structural relationship 
between the mammalian Fe(IIl)-Fe(II) and Fe(III)-Zn(II) plant purple acid 
phosphatases. FEBS Lett. 367: 56-60 
Knight, H. and Knight, M R. (2001). Abiotic stress signaling pathways: Specificity 
and cross-talk. Trends Plant Sci. 6: 262-267 
Koncz, C. and Schell, J 1986. The promoter of TL-DNA gene 5 controls the 
tissue-specific expression of chimeric genes carried by a novel type oi Agrobacterium 
binary vector. M?/. Gen. Genet. 204: 383-396. 
99 
Kranner, I., Beckett, R.P., Wornik, S.’ Zom, M. and Pfeifhofer, H.W. (2002). Revival 
of a resurrection plant correlates with its antioxidant status. Plant J. 31: 13-24 
Kwiatowski, J., Safianowska, A., and Kaniuga, Z. (1985). Isolation and 
characterization of an iron-containing superoxide dismutase from tomato leaves, 
Lycopersicon esculentum. Eur. J. Biochem. 146: 459-466 
Law, M.Y., Charles, S.A. and Halliwell, B. (1983). Glutathione and ascorbic acid in 
spinach {Spuiacea oleraced) chloroplasts. Biochem. J. 210: 899-903 
LeBel, C P., Ischiropoupos, H. and Bondy, S C. (1992). Evaluation of the probe 
2，，7，-dichlorofluorescein as an indicator of reactive oxygen species formation and 
oxidative stress. Chem. Res. Toxic. 5: 227-231 
Liao, H., Wong, FX., Phang, T.H., Cheung, M.Y., Li, W.Y.F., Shao, G, Yan, X. and 
Lam, H.M. (2003). GmPAPS, a novel purple acid phosphatase-like gene in soybean 
induced by NaCl stress but not phosphorus deficiency. Gene. 318: 103-111 
Maxwell, D.P., Wang, Y. and Mcintosh, L. (1999). The alternative oxidase lowers 
mitochondrial reactive oxygen production in plant cells. Proc. Natl Acad Sci. 96: 
8271-8276 
McCord, J.M., and Fridovich, 1. (1969). Superoxide dismutase. An enzymic function 
for erythrocuperin (hemocuprein). J. Biol Chem. 244: 6049-6055 
McKersie, B.D., Bowley, S.R. and Jones, K.S. (1999). Winter survival of transgenic 
alfafa overexpressing superoxide dismutase. Plant Physiol 119: 839-847 
Mittler, R. (2002). Oxidative stress, antioxidants and stress tolerance. Trends Plant Sci. 
7:405-410 
Mittova, v., Tal, M., Volokita, M. and Guy, M. (2003). Up-regulation of the leaf 
mitochondrial and peroxisomal antioxidative systems in response to salt-induced 
oxidative stress in the wild salt-tolerant tomato species Lycopersicon pennellii. Plant 
Cell Environ. 26: 845-856 
Mittova, v., Guy, M., Tal, M. and Volokita, M. (2004). Salinity up-regulates the 
antioxidative system in root mitochondria and peroxisomes of the wild salt-tolerant 
100 
tomato species and peroxisomes of the wild salt-tolerant tomato species Lycopersicon 
pemiellii. J. Exp.Bot. 55: 1105-1113 
Moller, I.M. (1997). The oxidation of cytosolic NAD(P)H by external NAD(P)H 
dehydrogenases in the respiratory chain of plant mitochondria. Physiol. Plant. 100: 
85-90 
Moller, I.M. (2001). Plant mitochondria and oxidative stress: electron transport, 
NADPH turnover, and metabolism of reactive oxygen species. Annu.Rev. Plant 
Physiol Plant MoL Biol 52: 561-591 
Moller I.M. and Rasmusson, A G (1998). The role of NADP in the mitochondrial 
matrix. Trends Plant Sci. 3; 21-27 
Moran, J.F., Becana. M., Iturbe-Ormaetxe, I., Frechilla, S., Klucas, R.V., and 
Aparicio-Trejo, P. (1994). Drought induces oxidative stress in pea plants. Planta, 194: 
346-352 
Mori, I.e. and Schoreder, J.L. (2004). Reactive oxygen species activation of plant 
Ca2+ channels. A signaling mechanism in polar growth, hormone transduction, stress 
signaling and hypothetically mechanotransduction. Plant Physiol. 135: 702-708 
Murgia, I.’ Tarantino, D.’ Vannini, C., Bracale, M.，Carravieri, S. and Soave，C. (2004). 
Arabidopsis thaliana plants overexpressing thylakoidal ascorbate peroxidase show 
increased resistance to paraquat-induced photoxidative stress and to nitric 
oxide-induced cell death. Plant! 38: 940-953 
Neupert, W. (1997). Protein import into mitochondria. Amm. Rev. Biochem. 66: 
863-917 
Nijs, D. and Kelley, P.M. (1991). Vitamins C and E donate single hydrogen atoms in 
vivo. FEES Lett. 284: 147-151 
Noctor, G. and Foyer, G H. (1998). Ascorbate and glutathione: keeping active oxygen 
under control. Annu. Rev. Plant Physiol. Plant Mol Biol. 49: 249-279 
Padh, H. (1990). Cellular functions of ascorbic acid. Biochem. Cell Biol 68: 
1166-1173 
101 
Palma, J.M., Sandalio, L.M., and del Rio, L A. (1986). Manganese superoxide 
dismutase in higher plant chloroplasts: a reappraisal o f a controverted cellular 
localization. J. Plant Physiol. 125: 427-439 
Pastore, D., Laus, M.N., Fonzo, N.D. and Passarella, S. (2002). Reactive oxygen 
species inhibit the succinate oxidation-supported generation of membrane potential in 
wheat mitochondria. FEBS Lett. 516: 15-19 
Peeters, N. and Small, I. (2001). Dual targeting to mitochondria and chloroplasts. 
Biochim. Biophys. Acta. 12: 54-63 
Perl, A., Perl-Treves, R , Galili, S., Aviv, D., Shalgi, E., Malkin, S. and Galun, E. 
(1993). Enhanced oxidative-stress defense in transgenic potato expressing tomato Cu, 
Zn superoxide dismutases. Theor. Appl Genet. 85: 568-576 
Perl-Treves, R. and Perl, A. (2002). Oxidative stress: An introduction. In Oxidative 
stress in plants, eds. D.Inze and M. Van Montagu. 1-32. Taylor and Francis. New York. 
Petit, P.X. (1992). Flow cytometric analysis of Rhodamine 123 fluorescence during 
modulation of the membrane potential in plant mitochondria. Plant Physiol 98: 
279-286 
Pitcher, L.H. and Zilinskas, B.A. (1996). Overexpression of copper/zinc superoxide 
dismutase in the cytosols of transgenic tobacco confers resistance to ozone-induced 
foliar necrosis. Plant Physiol. 110: 583-588 
Olczak, M., Morawiecka, B. and Watorek, W. (2003). Plant purple acid phosphatases-
genes, structures and biological function. Acta Biochim. Polonica. 50: 1245-1256 
Roxas, V. P.’ Smith, R.K. Jr., Allen, E.R. and Allen, R.D. (1997). Overexpression of 
glutathione S-transferase/glutathione peroxidase enhances the growth of transgenic 
tobacco seedlings during stress. Nature biotechnol 15: 988-991 
Sandalio, L.M., Palma, J.M. and del Rio, L A. (1987). Localization of manganese 
superoxide dismutase in peroxisomes isolated from Pisvm sativum L. Plant Set 51: 
1-8 
102 
Scandalios, J.G, Tong, W.-F. And Roupakias, D.G (1980). Cat 3, a third gene locus 
coding for a tissue specific catalase in maize: genetics, intracellular location, and 
some biochemical properties. Mol Gen. Genet 179: 33-41 
Schenk, G, Ge, Y., Carrington, L.E., Wynne, C.J., Searle, I.R., Carroll, B.J., Hamilton, 
S.’ de Jersey, J. (1999). Binuclear metal centers in plant purple acid phosphatases: 
Fe-Mn in sweet potato and Fe-Zn in soybean. Arc. Biochem. Biophys. 370: 183-189 
Schenk, G., Korsinczky, M.L.J.’ Hume, D.A., Hamilton, S. and DeJersey, J. (2000). 
Purple acid phosphatases from bacteria: similarities to mammalian and plant enzymes. 
Gem. 255: 419-424 
Sen Gupta, A., Webb, R.P., Holaday, A.S., Burke, J.J. and Allen, R.D. (1993). 
Increased resistance to oxidative stress in transgenic plants that overexpress 
chloroplastic Cu/Zn superoxide dismutase. Proc. Natl Acad Sci. USA. 90: 1629-1633 
Shatala, A. and Neumann, P.M. (2001). Exogenous ascorbic acid (vitamin C) 
increases resistance to salt stress and reduces lipid peroxidation. J. Exp. Bot. 52: 
2207-2211 
Smiroff, N. (1998). Plant resistance to environmental stress. Curr. Opin. Biotechnol. 9: 
214-219 
Sukumvanich, P., DesMarais, V., Sarmiento, C.V, Wang, Y., Ichetovkin, I., 
Mouneimne, G，Almo, S. and Condeelis, J. (2004). Cellular localization of activated 
N-WASP using a conformation-sensitive antibody. Cell Motil Cytoskeleton. 59: 
141-152 
Tambussi, E.A., Bartoli’ C.G.，Beltrano, J., Guiamet, J.J., Araus, J.L. (2000). 
Oxidative damage to thylakoid proteins in water stressed leaves of wheat (Triticmi 
aestivum). Physiol. Plant. 108: 398-404 
Taylor, NX., Day, D.A., and Millar, AH. (2002). Environmental stress cause 
oxidative damage to plant mitochondria leading to inhibition of glycine decarboxylase. 
J. Biol. Chem. 277: 42663- 42668 
Taylor, N.L., Day, D.A., and Millar, A H. (2004). Targets of stress-induced oxidative 
damage in plant mitochondria and their impact on cell carbon/nitrogen metabolism. J. 
103 
Exp. Bot. 55: 1-10 
Van Breusegem, R, Slooten, L. Bauw, G, Botterman, J., Van Montagu, M. and Inze, D. 
(1999a). Effects of overexpression of tobacco MnSOD in maize chloroplasts on foliar 
tolerance to cold and oxidative stress. J. Exp. Bot. 50: 71-78 
Van Breusegem, R, Slooten, L. Bauw, G, Botterman, J., Van Montagu, M. and Inze, D. 
(1999b). Overproduction of Arabidopsis thaliana FeSOD confers oxidative stress 
tolerance to transgenic maize. Plant Cell Physiol. 40: 515-523 
Van Breusegem, F.’ Van Montagu, M.’ and Inze, D. (2002). Engineering stress 
tolerance in maize. In Oxidative stress in plants, eds. D.Inze and M.Van Montagu. 
191-216. Taylor and Francis. New York 
Van Camp, W., Capiau, K., Van Montagu, M., Inze, D.and Slooten, L. (1996). 
Enhancement of oxidative stress tolerance in transgenic tobacco plants overproducing 
Fe-superoxide dismutase in chloroplasts. Plant Physiol. 112: 1703-1714 
Van Camp, W.’ Willekens, H., Bowler, C., Van Montagu, M.，Inze, D., Langebartels, 
C., and Sandermann, H. (1994). Elevated levels of superoxide dismutase protect 
transgenic plants against ozone damage. Bio/Techiology. 12: 165-168 
Vanlerberghe, G C.，Vanlerberghe, A.E. and Mcintosh, L. (1997). Molecular genetic 
evidence of the ability of alternative oxidase to support respiratory carbon metabolism. 
Plant Physiol. 113: 657-661 
Vincent, J.B. and Averill, B.A. (1990). An enzyme with a double identity: purple acid 
phosphatase and tartrate-resistant acid phosphatase. FASEB J. 4: 3009-3014 
Vogel, A., Borchers, T., Marcus, K., Meyer, H.E., Krebs, B. and Spener, F. (2002). 
Heterologous expression and characterization of recombinant purple acid phosphatase 
from red kidney bean. Arch. Biochem. Biophys. 401: 164-172 
Wagner, A.M. (1995). A role of active oxygen species as second messengers in the 
induction of alternative oxidase gene expression in Petunia hybrida cells. FEES Lett. 
368: 339-342 
Wagner, A.M. and Krab, K. (1995). The alternative respiratory pathway in plants. 
Roles and regulation. Physiol Plant 95: 318-325 
104 
Wu, F.S. (1987). Localization of mitochondria in plant cells by vital staining with 
rhodamine 123. Pk»tta. 171; 3 4 6 - 3 5 7 
Yu, B.P. (1994). Cellular defenses against damage from reactive oxygen species. 
Physiol Rev., 74: 139-162 
105 
Appendix I 一 Restriction and modifying enzymes: 
1. Advantage^ 2 tag polymerase Clontech K1910-1 
2. EcoRV PromegaR6351 
3. Hindm NEB R0104S 
4. Smal Promega R612A 
5. T4 DNA ligase Promega Ml804 
6. 11 RNA polymerase Promega P2073 
7. Taq DNA polymerase Roche 1647679 
8. Tag DNA polymerase Invitrogen 10342-053 
9. Tag DNA polymerase Promega Ml665 
10. A M NEB 145S 
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Appendix II - Chemicals: 
1. Acrylamide/ Bis Bio-Rad 161-0120 
2. Ammonium acetate Ajax 27 
3. Ammonium persulfate Bio-Rad 161 -0700 
4. Ampicillin Sigma A9518 
5. Agarose GibcoBRL 15510-027 
6. Ascorbic acid Sigma A7506 
7. Bacto-peptone Difco 0118-01-8 
8. Bacto™Agar Difco 214010 
9. Benzyl-aminopurine Sigma B5898 
10. Bis Sigma M7279 
11 • Blocking reagent Boehringer 1096176 
12. Boric acid Ajax 101 
13. Bovine serum albumin Sigma A7906 
14. Bromophenol blue Merck 8122 
15. Calcium chloride Merck 2380 
16. Calcium nitrate Ajax 135 
17. Cefotaxime, sodium salt Amresco E868 
18. Cetyldimethylethylammonium bromide (CTAB) Sigma C5335 
19. Chloroform Merck 3445 
20. Coomassie Brilliant blue R250 Bio-Rad 161 0400 
21. Disodium 3-14-methoxyspiro{ 1,2-dioxetane-3,2'-(5'-chloro) tricyclo[3.3.1. 
decan}-4yl) phenyl phosphate Boehringer 1 655 884 
22. Cupper sulfate, anhydrate Sigma C1297 
23. Cupric chloride, dihydrate Sigma C6641 
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24. dATP Boehringer 1277049 
25. Dichlorophenoxyacetic acid (2,4-D) Sigma D2128 
26. 2'-7'-dichlorodihydrofluorescein diacetate Molecular probe D399 
27. Disodium hydrogen phosphate Sigma S0876 
28. Dithiothreitol, DDT (lOOmM) Promega P1171 
29. EDTA, disodium salt Sigma E5143 
30. EDTA, ferrous-sodium salt Sigma EDFS 
31. EGTA, sodium salt Sigma E3889 
32. Ethanol (absolute) Merck 100986 
33. Ethidium bromide Sigma E7637 
34. Fluorescein (FITC)-conjugated afFinipure donkey Jackson Immuno 
anti-mouse IgG Research Laboratories 
35. Formaldehyde (37%) Sigma F8775 
36. Formamide Boehringer 1814320 
37. Gelrite gellan gum Sigma G1910 
38. Gelatin Sigma G7765 
39. Genetamicin sulfate Sigma G3632 
40. Glacial acetic acid Sigma A4508 
41. Glycine Sigma G7403 
42. Hydrochloric acid (36%) Ajax 1364 
43. Iso-amylalcohol Merck 100979 
44. Isopropanol Labscan C2519 
45. Isopropyl b-D-thiogalactopyanside (IPTG) Boehringer 1411446 
46. Kanamycin, monosulfate Sigma K4000 
47. Luria Bertani broth, Miller Difco 0446-17-3 
48. Maleic acid Sigma M0375 
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49. Magnesium chloride Sigma M9272 
50. Magnesium sulphate Ajax 302 
51.Mannitol Ajax 530 
52. P-mercaptoethanol Sigma M6250 
53. MES Sigma 3023 
54. Methanol Merck 6007 
55. Metro-mix soil Hummert 10-0325 
56. 4-Morpholineethanesulfonic acid Boehringer 223794 
57. MOPS Sigma M8899 
58. Murashige & Skoog salt mixture GibcoBRL 11117-017 
59. Murashige & Skoog Basal salt mixture (MS) Sigma M5524 
powder, plant cell culture tested 
60. Myoinositol Sigma 15125 
61. N-lauroylsarcosine Sigma L5125 
62. NP-40 (IGEPAL ca-630) ICN 198596 
63. Paraformaldehyde Sigma P6148 
64. Phenol-chloroform-isoamylalcohol (25:24:1) Amersco 883 
65. PIPES B/M 239496 
66. Polyethylene glycol 6000 Fluka 81260 
67. Polyvinylpyrrolidone Sigma PVP-40T 
68. Potassium dihydrogen orthophosphate Ajax 391 
69. Potassium acetate Sigma P1147 
70. Potassium hydroxide Merck 5033 
71. Potassium nitrate Sigma P8394 
72. Potassium phosphate, monobasic Sigma P5379 
73. Pyridoxine-HCl Sigma P9755 
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74. Rifampicin Sigma R3501 
75. Rhodamine 123 Molecular probe R302 
76. SDS Bio-Rad 161-0302 
77. Silwet-77 Lehle seeds 
78. Sodium azide Sigma S2002 
79. Sodium acetate, anhydrous Sigma S2889 
80. Sodium chloride RDH 31434 
81. Sodium citrate, trisodium salt Sigma S4641 
82. Sodium dihydrogen phosphate RDH 10245 
83. Sodium dodecyl sulfate B/M 1028693 
84. di-Sodium hydrogen phosphate-2-hydrate RdH 30435 
85. Sodium hydroxide Merck 6498 
86. Sodium molybdate RDH 31439 
87. Sucrose Sigma SI888 
88. T7 tag monoclonal antibody (mouse) Novagen 695223 
89. Tris/HCl Amresco 0826 
90. Tween 20 Bio-Rad 170-6531 
91 TEMED Bio-Rad 161 0800 
92. Triton X-100 Sigma T6878 
93. Urea Sigma U1250 
94. Zinc sulfate, heptahydrate Sigma Z4750 
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Appendix III - Commercial Kits: 
1. ABI prism dRhodamine terminator cycle sequencing ready reaction kit 
Peckin-Elmer 402078 
2. Bio-Rad Prep-A-Gene DNA Purification kit Bio-Rad 732 6011 
3. Bio-Rad protein assay Bio-Rad 500-0006 
4. Clone checker system GibcoBRL 11666-013 
5. DIG DNA labeling kit Roche 
6. High pure PCR product purification kit Roche 
7. Wizard plus minipreps DNA purification kit Promega A7510 
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Appendix IV 一 Equipments and facilities used: 
— 1 . Biological Safety Cabinet iBaker SG600E 59419 
2. Centrifuge J2-MI Beckman T373 with JA-14 rotor 
3. Gel lOOOUV Fluorescent Gel Doc Bio-Rad 200015450 
4. Genetic Analyzer ABI Prism 310 Perkin elmer 96030481 
5. Gene Pulser Apparatus Bio-Rad 165-2076 
6. Growth chamber Percival AR-32L 3859-05-971 
7. GS Gene Linker UV Chamber Bio-Rad 0392-92-0336 
8. Microcooler II Bockel Scientific 260010 
9. Orbital shaker Lab line 4628-1 
10. Power supply MIDI MP-250 Life technologies 4801311 
— 1 1 . Programmable Thermal Controller MJ Research PTC 100 96VHB 200003 879 
12. Refrigerated Centrifuge 581 OR Eppendorf 03463 
13. Solvent System Centrivap Unit Labconco 79840-01 
14. TELCO incubator Cole-Parmer 39352-02 
丨• • I' •丨丨 • 丁IvI 
15. Confocal laser scanning microscope 丨Bio-Rad (Zeiss) Radiance 2100 
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Appendix V 一 Buffer, solution, gel and medium formulation 
Acrylamide/Bis (30:0.15) Disolving 60g acrylamide and 0.3g Bis in 
200ml ddH20 
Acrylamide/Bis (30:1.5) Disolving 30g acrylamide and 1.5g Bis in 
100ml ddH20 
Agarose gel (0.8%) 0.8% agarose, \\x%l ml ethidium bromide 
in IX TAE buffer 
Arabidopsis fertilizer (lOX) 50mM KNO3, 25mM IM KPO4 (pH 5.5), 
20mM MgS04, 20mM Ca(N03)2, 0.5mM 
FeNaEDTA and 1% micronutrients. Fill 
up to 1 litre with H2O 
Arabidopsis micronutrients 70mM boric acid, 14mM MnCl2, 5mM 
CUSO4, 0.2mMNaMo04, lOmM NaCl, 
and O.OlmM CUCI2. Fill up to 500ml with 
U^ 
B5 vitamine (lOOOX) lOOOmg myo-inositol, lOOmg 
thiamine-HCl, lOmg nicotine acid, lOmg 
pyridoxine-HCl. Fill up to 10ml with H2O 
Bacterial cell lysis solution — 20mM Tris-HCl, lOOmM NaCl, 8M urea 
Blocking buffer Dilute blocking reagent stock solution 
1:10 with maleic acid buffer 
Blocking reagent stock solution (10%) Add lOg blocking reagent to 100ml 
maleic acid buffer with several 30s heat 
pulses in the microwave 
Blocking solution 1 (For immunolabeling) 0.25% BSA in IX PBS 
Blocking solution 2 (For immunolabeling) 0.25% BSA, 0.25% Gelatin, 0,05% 
NP-40, and 0.02% Sodium Azide 
Bromophenol blue loading dye (6X) 0.25% bromophenol blue in 30% glycerol 
Calcium chloride solution 60mM CaCl2, 15% glycerol and lOmM 
PIPES, pH 7.0, sterilized by autoclave 
Cold washing solution 2x SSC, 0.1% SDS 
CTAB extraction buffer 0. IM Tris-HCl (pH8), 1.4M NaCl, 0. IM 
EDTA (pH8), 2% (w/v) CTAB, 1% (w/v) 
Polyvenylpyrolidone and 0.2% (3-
mercaptoethanol 
CTAB washing buffer — 76% EtOH with O.OIM Mi^Oac 
DEPC-treated H2O Dissolve DEPC to 1% in ultrapure H2O 
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and keep overnight 
Autoclave to remove residual DEPC. 
Detection buffer lOOmM Tris-HCl, pH 9.5 and lOOmM 
T ^ 
Fixation solution 50mM Na-phosphate buffer pH7.0, 5mM 
EGTA, 0.02% Sodium Azide, 3.7% 
paraformaldehyde, filter sterile. 
For Immunolabeling 
Hot washing solution 0.5x SSC，0.1% SDS 
Infiltration medium 2.2g MS salts, Ix B5 vitamins, 50g 
sucrose, 0.5g MES and 200|j,l SilwetiM 
L-77, 0.044|liM benzylaminopurine. 
Adjust pH to 5.7 with KOH and fill up to 
1 litre solution. Autoclave. 
LB broth 25g/ L LB powder, autoclave 
LB agar plate 25g/ L LB powder and 15g/ L bacto-agar, 
autoclave 
Maleic acid buffer O.IM maleic acid, 0.15MNaCl, pH 7.5. 
Adjust pH with concentrated NaOH; 
autoclave. 
MOPS (lOX) ‘ 200mM MOPS, 50mM sodium acetate, 
lOmM EDTA, pH 7.0. Make up in sterile 
H2O. After autoclaving, the solution will 
turn yellow 
MS plate for Arabidopsis thaliana 4.3g/ L Murashige & Shoog salt mixture 
(GibcoBRL), 3% sucrose, 0.05% MES, 
pH 5.7, 0.9% bacto-agar 
MS plate for BY-2 cells 4.3g/L Murashige & Skoog Basal salt 
mixture (Sigma), 3% sucrose, 1.8mM 
KH2P04.3% gelrite gellan gum, pH 5.8 
MS for BY-2 cells (suspension culture) 4.3g/L Murashige & Skoog Basal salt 
mixture (Sigma), 3% sucrose, 1.8mM 
KH2P04,pH 5.0 
Neutralization solution Q.5M Tris-HCl, 0.5M Tris-HCl, pH 7.5 
N-lauroylsarcosine 10% (w/v) in sterile H2O filtered through 
a 0.2|Lim membrane 
Phosphate buffer saline (PBS) (lOX) 0.58MNa2HP04, 0.17MNaH2P04, 
0，68M NaCl, pH7.2 
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Phosphate buffer saline (PBS) (IX) iDilute lOX PBS ten fold with milli-Q 
H2O，pH7.2 
RN A extraction buffer 200mM Tris base, 400mM KCl, 200mM 
Sucrose, 35mM MgCWHaO, 25mM 
EGTA, pH 9 
RNA loading buffer 250}a.l formamide, 83|j.l formaldehyde 
37% (w/v), 50|LiI lOx MOPS buffer, 
0.01% (w/v) bromophenol blue, 50|il 
glycerol. Fill up to 500|al with 
DEPC-treated H2O. 
SDS 10% (w/v) in sterile H2O filtered through 
a 0.2|im membrane 
SOC 2% bacto-tryptone, 0.5% bacto-yeast 
extract, 1 OmM NaCI, 2.5mMKCl, lOmM 
MgCb, lOmM MgS04, 20mM glucose 
Sodium acetate 3M NaOAc, pH 5.2 
3MNaOAc,pH5.6 
Sodium phosphate IMNaHaPOq, IMNazHPO*’ pH7 
SSC (20X) 3M NaCI, 300mM sodium citrate, pH 7.0 
TAB buffer (IX) 4.84g/L Tris base, 0.1142% acetic acid, 
0.744g/ L EDTA disodium salt 
Tris-acetate (IX) 0.04M Tris acetate and O.OOIM EDTA 
YEP meidum lOg tryptone, lOg yeast extract and 5g 
NaCI. Fill up with 1 litre with H2O 
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